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ANNUAL REPORT 


OF THE 


SECRETARY OF AGRICULTURE: 


Harrispure, Pa., January 1, 1903. 
Hon. WILLIAM A. STONE, Governor of Pennsylvania : 


Sir: In compliance with the requirements of Sections 2, 3 and 6 ef 
the act of Legislature of March 18th, 1895, establishing this Depart- 
ment, I have the honor to present herewith my Annual Report 
for the year 1902, being the Eighth Annual Report of the Department 
of Agriculture of Pennsylvania. 

The act creating the Department declares how it shall be organized 
and defines the scope of its work. The Department has now had 
eight years of existence, and its work has increased from a mere 
beginning to its present proportions, extending its influence to all 
parts of the State, and to dealing with agriculture in all of its 
relations to the farmer, and to the educational and commercial in- 
terests that affect his calling. Whilst the amount of work done, 
and to be done, increases continually, yet as the officers of the De- 
partment gain in experience and information, they are able, with 

-the same effort, to accomplish much more each succeeding year. 

The time ought never to arrive when the operations of the De- 
partment of Agriculture of Pennsylvania will fall into mere routine. 
Tts officers are dealing, face to face, with powerful living forces, 
many of whose operations are as yet imperfectly understood, but 
which are never ceasing in their activity, and affect for good or ill 
the interests of agriculture, and often increase or diminish its pro- 
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duction to an extent impossible to compute. A single insect sud- 
denly appears by myriads and completely overruns entire States; a 
fungus growth multiplies in such enormous numbers as to blight 
and completely destroy whole crops in a single week. The germs of 
disease fill the atmosphere, and finding their way to the vital organs 
of animal life, sweep the country clear of cattle. Food products are 
doctored with substances injurious to health, whose identity only the 
most skillful and painstaking microscopist or chemical examiner can 
detect. Beverages are doctored with poisons to simulate the flavor 
of wholesome drinks, or to conceal the decomposition that has al- 
ready begun. 

Whoever else may settle down to the stupor of routine, the De- 
partment of Agriculture cannot, if it is to fulfill its mission and do 
the work which it was created to perform. Its vigilance cannot be 
relaxed for a single moment. Unceasing, indefatigable work must 
characterize its officers and employes. The Department must keep 
informed with regard to the latest and most reliable discoveries in 
the scientific world, which affect agricultural people, or their indus- 
try in any of its parts, and must promptly disseminate this knowl- 
edge throughout the State. It must keep in touch with educational 
institutions, agricultural organizations, workers and experts in - 
other States and in foreign countries. It must, in short, be a great 
information-giving bureau, intelligent and ever active; collecting and 
sending forth reliable data for public use, correcting false im- 
pressions and condemning ill-judged practices where they exist. 

To properly meet these demands the best service that the most 
capable possess is required. 

The Department force has become familiar with the performance 
of the several duties with which each is entrusted, and the work 
of the several Divisions is, therefore, more satisfactory than ever 
before. Division officers, attorneys, agents, chemists, inspectors, 
clerks and messengers have come to know what is expected, and they 
are able to promptly and effectively perform their respective duties. 


CROPS. 

The general condition and yield of the crops during the year, have 
been about an average. Wheat was affected by early drouth, but 
afterwards had abundance of moisture. The rains continued 
through harvest, and a good deal of wheat was injured by sprouting. 
The yield, however, is above expectation. 

Corn in middle and western Pennsylvania, was caught by the early 
September frosts and a large amount of immature and soft corn is 
the result. 

Oats was a good crop. Potatoes rotted considerably in many sec- 
tions. The late crop is of good size and quality. 
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Hay was short, but the rains during and after harvest, brought 
forward the second crop to exceed the first in quantity. 

Tobacco has proved a fairly. good crop and was housed in good 
condition. 

The apple crop was large in some sections, and of good quality. 
Peaches were only a partial crop. Pears were plenty, well developed 
and of good flavor. 

Prices of farm produce and wages have been maintained, as will 
be seen, by reference to the table presented elsewhere in this report. 


FARM HELP. 


The securing of efficient farm help is becoming more and more 
serious each year. The wonderful development of the manufactur- 


ing, mining, commercial and transportation industries, has drained 
the country of help until, in some localities, it is impossible to hire 
labor at any price which the farmer can afford to pay. More women 
have been working in the fields this year, than perhaps ever before in 
the history of the State. 

In suggesting a solution of this problem, I can only reiterate that 
which was stated in my report last year, viz: “Smaller farms, gang 
plows, wider harrows, mowers, horse rakes and drills; fast walking 
horses; conveniences for the watering, feeding and stabling of ani- 
mals, and, in general, economy of effort in every direction.” 

It is also becoming a question, as to whether we should not return 
to the grazing and feeding of animals more extensively than we are 
now doing. This system of husbandry economizes labor, and if 
judiciously pursued, will be as remunerative, in the end, as many of 
the methods, which require greater expenditure of effort, and a 
larger force of hired help. The supply of first class beef is not likely 
to be greater than the demand, for years to come, and Pennsylvania 
is well adapted, in most of its area, to beef production. The rearing 
of beef, swine, poultry, sheep and horses suggests, therefore, a means 
of at least temporary relief, from the burden of labor which is now 
imposed upon the Pennsylvania farmer, and at the same time in- 
creases the fertility of his land, through the manufacture of bara- 
yard manure from the feeding, at home, of crops raised upon the 
farm. 


DOMESTIC HELP. 


The same dearth of help which embarrasses the farmer in caring 
for his crops, is found in securing domestic help to assist in his 
home. 

So many avenues of occupation are now open to women, which 
require only from six to eight, or at most, ten hours, of their time 
in a day, after which they are at liberty to do as they please, that 
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many prefer this life, to domestic service. This freedom, and the 
comradery and equality of young women, which comes from being 
engaged in a common occupation, accounts, more than the price 
which they receive for this labor, for their preferring factory or store 
service, to that of life ina farm home. Whatever the cause, the fact 
is, that young girls do leave for other lines of occupation, and the 
country housewife is obliged to do the work, and care for her chil- 
dren, unassisted by hired help. For this there seems to be no relief, 
except to simplify living, introduce improvements in the arrangement 
of the interiors of homes, and adopt labor-saving appliances that will 
reduce steps and save strength. The difficulty, therefore, in secur- 
ing labor, available when needed, both for farm work and domestic 
service, has become a most serious obstacle in the way of profitable 
agriculture. 


CLASSIFICATION OF THE DEPARTMENT WORK. 


The work of the Department is distributed among its various Divi- 
sions, and each Division, through its official head, is entrusted with 
the carrying out of all the details of the duties assigned. The fol- 
lowing summary, shows the classification: 

DIVISION OF FARMERS’ INSTITUTES. The work of this Di 
vision is educational, carrying information to the districts in which 
the farmers’ live, and reached during the past year about one hun- 
dred and forty-four thousand farming people. 

CROP REPORTS. The system of crop reports is made part of 
the work of the Institute Division. Careful reporters are en- 
gaged in collecting data for the Department in every county in the 
State. These data are then arranged and published in the Annual 
Report. 

THE DAIRY AND FOOD DIVISION. This Division is under 
the immediate supervision and direction of a Dairy and Food Com- 
missioner, who is charged with the enforcement of the laws rela- 
ting to the inspection of the character of the various foods on sale 
in the State, and the prosecution of those who are found violating 
the law. The Commissioner has charge also of the Dairy industry 
of the State, including dairy statistics and improved management 
of creameries and dairy herds. 

DIVISION OF ECONOMIC ZOOLOGY. This Division is in 
charge of a Commissioner who is known as the The Economie Zoolo- 
gist, whose duties are to make examination and investigations into 
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tue insect enemies of crops and report upon their ravages and give 
suggestions for their control or eradication. There is assigned to 
this Division the Orchard, Greenhouse, Market Garden and Flower 
Gardening industries of the State. Information is sent out by him 
to those engaged in these industries, giving the latest scientific and 
practical discoveries in these lines of work, and as new questious 
arise he endeavors to have investigations made and proper solution 
discovered to meet the new conditions. 

DIVISION CF VETERINARY SCIENCE. — The chief of this Di- 
vision is by law, required to be “a graduate of some reputable vet- 
erinary college.” The law further makes it the duty of the Secre- 
tary of Agriculture “to obtain and distribute information on all 
matters relating to the raising and care of stock and poultry; the 
best methods of producing wool and preparing the same for market.” 
This work is consigned to the Veterinary Division. The Veteri- 
narian is also a member of the State Live Stock Sanitary Board, 
whose duty it is to “protect the health of the domestic animals of 
the State,” and powers to adopt means to effect this are granted by 
the act creating the Board. 

FERTILIZER INSPECTION AND ANALYSES. The work of 
the licensing and inspection of Commercial Fertilizers is in the 
hands of the Secretary. Agents are employed to collect samples 
of goods upon the market, and these are transmitted to the chemists 
for analyses. The results are published for the information of 
farmers and dealers, twice each year. . 

INSPECTION OF NURSERIES. The Legisiature of 1901 passed 
an act making it the duty of the Secretary of Agriculture “to cause 
an examination to be made each year of each and every nursery or 
other places in this State where trees, shrubs, vines or plants, com- 
monly known as nursery stock, are grown for sale, for the purpose of 
ascertaining whether the trees, shrubs, vines or plants, therein kept 
or propagated for sale, are infested with San José Scale or other in- 
sect pest destructive of such trees, shrubs, vines or plants.” Where 
a nursery is free from these insect pests, a certificate stating the fact 
is issued to the owner. 

CONCENTRATED COMMERCIAL FEEDING STUFFS. Under 
the act of 25th of April, 1901, all concentrated commercial feeding 
stuffs seld in this State, such as “linseed meals, cottonseed mea!s, 
gluten meals, maize feeds, starch feeds, sugar feeds, dried brewers’ 
grains, malt sprouts, hominy foods, cerealine feeds, rice meals, 
ground beef or fish scraps, and all materials of similar nature,” must 
have affixed to the package containing them a label “certifying the 
number of net pounds of feeding stuff contained therein; the name, 
brand or trade mark under which the article is sold; the name and 
address of the manufacturer or importer, and a statement of the 
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percentages it contains of crude fat and crude protein.” The Secre- 
tary of Agriculture is charged with the enforcement of this law. 

LINSEED OIL INSPECTION. The act of 23d of April, A. D. 1901, 
provides “That no person, firm or corporation shall manufacture or 
mix for sale, sell or offer for sale, under the name of raw linseed oil, 
any article which is not wholly the product of commercially pure lin- 
seed or flaxseed. Nor shall any person, firm or corporation manu- 
facture or mix for sale, sell or offer for sale, under the name of boiled 
linseed oil, any article unless the oil from which said article is made, 
be wholly the product of commercially pure linseed or flaxseed, and 
unless the same has been heated to at least two hundred and twenty 
five degrees, Fahrenheit.” The Secretary of Agriculture is charged 
with the enforcement of this law. 

SPECIAL INVESTIGATIONS. The law creating the Depart- 
ment provides for “the employment of experts to make special 
examinations and investigations.’ These experts are selected by 
ihe Secretary, and the results of their examinations are printed 
either in special Bulietins or in the Annual Report. The investi- 
gations are upon subjects relating to the agricultural industry. 

BULLETINS. The Secretary is also directed to “publish from 
time to time such bulletins of information as he may deem useful 
and advisable, the number not to exceed five thousand copies of 
any one bulletin.” One hundred and six such publications have been 
issued since 1895. 

ANNUAL REPORT. Each year the Secretary is directed tu 
“make an Annual Report to the Governor,” and in this report “he 
may include so much of the reports of other organizations as he 
shall deem proper.” Thirty-one thousand six hundred copies are 
authorized to be distributed; 9,000 to the Senate, 20,000 to the 
House of Representatives, 2,000 copies to the Secretary of Agricul- 
ture, 500 copies to the State Librarian, and to the State Experiment 
Station, 100 copies. 

BOOKS OF ACCOUNT. The General Books of Account of the 
Department are in charge of the Secretary, and the Special Books 
are in charge of the several Division officers. 

REPORTS OF DIVISION OFFICERS. Monthly reports of the 
operation of each Division for the preceding month are made to 
the Secretary by the chief of each Division, and special reports 
from time to time are made as may be necessary in order to keep 
the Secretary fully informed as to the work of the several Divisions. 
At the close of the year, full reports of the work of each Division 
are made out and transmitted to the Secretary, and printed in 
the Annual Report of the Department. The care of the library, 
the reading of proof, and the mailing lists, are in charge of the Chief 
Clerk. 
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DIVISION OF FARMERS’ INSTITUTES. 


Farmers’ Institutes in this country, in the sense of their consisting 
of assemblages of farmers, met for the discussion of agricultural 
topics, extend as far back as the organization of the Philadelphia 
Society for the Promotion of Agriculture in 1785. Later, in other 
States similar agricultural societies and farm clubs took up, in some 
degree, the same methods for the improvement of their members. 

It was not, however, until quite recently that any well organized 
or carefully planned system of farmers’ institutes has existed. In 
Pennsylvania, the first modern institute was held in 1877, under the 
direction of the State Board of Agriculture, and it was not until 
1885, when the State made an appropriation for their maintenance, 
that the work assumed anything like its present form. 

The following States now have a system of Farmers’ Institute 
work organized, and are under the control of a ‘State Director, the 
State Board of Agriculture, or an Agricultural College or Experi- 
ment Station officer: Alabama, California, Delaware, Georgia, Idaho, 
Indiana, lowa, Kansas, Maine, Maryland, Michigan, Minnesota, Mis- 
sissippi, Missouri, Montana, New Hampshire, New Jersey, New York, 
North Carolina, Ohio, Oregon, Pennsylvania, Rhode Island, South 
Carolina, Vermont, Virginia, West Virginia and Wisconsin. 

The Farmers’ Institute is the result of the demand of modern agri- 
culture for accurate information in regard to the underlying prinei- 
ples which control in the production of agricultural products. This 
demand for definite and exact knowledge in agriculture, did not be- 
come pressing so long as the lands were new and original fertility 
was abundant and available for the production of crops. It was 
not until the soil of the Eastern and Southern States had begun to be 
exhausted and crops to fail, that thoughtful citizens began to cast 
about for some means by which these lands could be restored, and 
their subsequent deterioration be prevented, and continuous and 
profitable crops be raised without permanent injury to the land. 

In the effort to meet this question, which had become serious, the 
Congress of the United States in 1861, provided for the establish- 
ment of Colleges, whose leading object should be ‘to teach such 
branches of learning as are related to agriculture and the mechanic 
arts.” Upon the establishment of these Colleges, it was some 
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years before those responsible for their contrci, were able to formu. 
late a course of study which would meet the requirements of the 
country, or were able to secure the kind of teachers, competent to 
impart the information needed. After these requirements had 
been, in a measure, met by these new institutions, it was discovered 
that comparatively few of the young men of the country were willing 
to pursue the course of study, in agriculture, which had been pre- 
scribed. Whilst unquestionably, there was a pressing demand for 
information on agricultural matters, on the part of a large number 
cf those who were actively engaged in farming, there was compara- 
tively little demand for this knowledge, on the part of the young peo- 
ple in the schools. Instructors in these Colleges, also, soon discov- 
ered, that there was comparatively little reliable information to be 
had, in what is now known as “Agricultural Science,” or the sciences 
in their relation to agriculture. 

Out of these conditions, and to supply the needs for more exten- 
sive and accurate information, the Congress passed, what is known 
as the Hatch Experiment Station Act, which provided for the erec- 
tion and support of Agricultural Experiment Stations in the several 
States, for scientific research and experimentation in agriculture. 
Since their establishment, and through the work of these Stations, 
the stock of-agricultural knowledge has been greatly enlarged, and, 
is being daily, rapidly increased. This knowledge, if disseminated, 
will be to the yreat advantage of the agricultural interests of tie 
country. 

The problem that now requires solution, is that of getting this in- 
formation which is in existence, and such other, as it is discovered, 
before the agricultural people of the country. Bulletins containing 
this information are being issued by the Stations, and by the Depart- 
ment of Agriculture, at Washington, but the large majority of the 
farming people are not reached by this method. This is notably true 
as regards the less progressive farmers, and the women and youth 
in the farmers’ families. 


THE INSTITUTE A DISSEMINATOR OF INFORMATION. 


The Farmers’ Institute has been organized to supplement the 
Agricultural College and the Experiment Station, in the work of 
disseminating information on agricultural subjects throughout the 
land. Its function is to take up-to-date, reliable and valuable 
truth, as it relates to agriculture; to carry it out to assemblages of 
people of both sexes and of all ages, and present it before them 
crally, in condensed and attractive form, and in shape to be applied 
in their every-day life; affording, at the same time, opportunity to 
all, who are interested, to ask questions on poimts that they do not 
fully understand. 
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The Farmers’ Institute occupies the position, in the system of agri- 
cultural education of to-day, in this country, of that of a disseminator 
of agricultural knowledge among the masses, and of a stimulator of 
desire and respect for such knowledge, by the masses. The insti- 
tute is not simply to reach those who are now actively engaged 
in the business of farming, but to reach, as well, the great masses 
of our population, who have littie or no knowledge or appreciation 
of the advantages of agriculture, as a calling in life. 

Its work is not limited to efforts to improve the condition of 
existing farmers, but contemplates as well the creating of new, as 
well as better farmers. It is wide extended in its influence, 
and ought to be of tie highest grade. It should accordingly be 
planned and conducted upon lines correspondingly liberal, and com- 
mensurate with the dignity of the Department, and the field of 
usefulness that it is organized to fill. 


THE INSTITUTE LECTURER. 


Inasmuch as the work to be performed requires the service of 
experts, no one should be employed who is not thoroughly competent 
for the special service that he is expected to render. It should not 
be an asylum for lazy persons or incompetents, and no political 
considerations should enter into the qualifications of any one em- 
ployed, and the compensation should be sufficient te induce the 
best experts in the country to desire the positions. Sufficient money 
should be appropriated to enable the Department to retain in its 
employ some of the most capable men during the entire year. The 
permanent employment of at least a few capable men and women 
should be the rule. Men who are competent, are, as a general thing, 
not unemployed, and their services cannot be had and dispensed 
with at pleasure. The institute lecturer or teacher is the heart of 
the institute work. If competent men cannot be had, then the 
whole system will be a failure, and the money that is expended be 
thrown away. 

The development and training of these lecturers, should, therefore, 
be part of the work of the Department. They should be brought 
together several times each year for conference and study. They 
should be sent to examine and study the work of the State College, 
so far as it relates to agricultural affairs, and of the State Experi- 
ment Station. They should be put in the way of getting the best 
literature upon their several specialties. In short, they should 
themselves be students of agriculture, and be posted in all that takes 
place in their ‘special work throughout the world. 
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THE DIRECTING OF THE WORK. 


The directing of the Farmers’ Institute work in Pennsylvania, is 
made the special duty of the Deputy Secretary of Agriculture. 
During the past season, there were scheduled and held 135 two-day, 
and 54 one-day institutes, a total of 324 days, divided into 782 ses- 
sions. The Department sent out, at its expense, 51 lecturers to give 
instruction, and the local managers supplied 684 more, making a 
total of 735. These lecturers addressed in all, over 144,000 people 
(144,431). The average daily attendance was 445; the largest daily 
attendance for any one county was 925, and the smallest was 50. 

For institute purposes, the State is divided into five sections, ap- 
portioning the work of each section as nearly equal as possible. The 
institutes began December 8d and continued to March 4th. At 
each institute the Department had present at least three of its lec- 
turers, one of whom is the special representative of the Department, 
and has charge of the section. The local manager makes up the pro- 
gramme of exercises subject to the approval of the Director of In- 
stitutes. ; 

The apportionment of time to be given to each county for insti- 
tute work, is made on the basis of two days of institute to every 
county having not over 1,000 farms; three days to each county having 
more than 1,000 and not over 1,500; afterwards one day for each 
1,500 farms or fraction thereof additional. This insures Depart- 
ment aid to each county in proportion to its agricultural interests. 
The foilowing schedule shows the number of days allotted to each 
county and arranged upon this basis, for the season of 1901-1902: 
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ast experience im most of the counties has shown that the two 
days institute is much more economical and efficient than the one* 
day meeting. Inthe one-day meeting the time is usually given to the 
visiting lecturers to the exclusion of local aid, on the ground that the 
people wish to hear the strangers, and as there is not time to hear a!l, 
the visitors are given the preference. This is a serious mistake. 
The main object of the institute is the development of the local peo- 
ple, and whatever interferes with this, ought to be corrected. A 
two day institute gives ample time for all to be heard, and provides, 
also for the deliberate and full discussion of matters of interest that 
may arise. The morning session of the first day is almost always a 
failure and ought to be dropped, and the institute begin at one P. M., 
and continue for five sessions. This gives time for the visiting lec- 
turers to reach the ground, and begin the work with the advantage 
of a full house. 

The demand for institutes is such, that it has ngw become very 
difficult to determine the localities which shall be favored. I wish 
to reiterate what I have said in reporting upon this work in previous 
years, that there should be appropriated for institutes at least 
$25,000 per year. The progress of the work has reached such a stage 
that this larger sum can be expended to the great advantage of our 
farming industry, and there will be returned to the State many-fold, 
that which it invests,in the furtherance of this great school of agri- 

ultural education. 


DAIRY AND FOOD DIVISION. 


The work of this Division is most important and extensive. The 
protecting of the people against food adulteration, and food sub- 
stances injurious to health is worthy of the best efforts of the State. 
This work has been committed to the Department of Agriculture and 
the Legislature has enacted laws and appropriated money to secure 
this result. What has been done has been set forth in detail and 
published in bulletins and distributed for the information of the pub- 
lic. Before the publication of these bulletins, there was considera- 
ble criticism of the Department for supposed inactivity in the en- 
forcement of the pure food laws, but the facts, as disclosed by the 
bulletins, effectually silenced all of these critics, by showing them the 
amount of work that has been done in this direction. 
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There was occasion, recently, to compile the work of the Dairy and 
Food Division for the two and a half years ending July Ist, 1902, 
which may be of interest to present in this report as showing the 
activity of the Department, and the effective character of its work. 
The following table gives a summary of what has been accomplished 
in the period named: 


Samples of butter analyzed Jan. Ist, 1900, to July 1st, 1902,. 3,023 


HOUMOMEOR DEMME. ei ots eeaie. cc <a e-gerk ele eke aueieielate feels «eer eeOug 
Hound to be oleomargarine, .............2-62.502%> 1,840 
Hound toube renovated: butter, 22)... ..5 stesso lie 164 


All of these samples were sold as butter except 103, which were 
sold as oleomargarine, and 61 which were sold as butterine. 


Samples of cheese analyzed, .........-+..... en acehens sveeeter othe 31 
Houngscoupe Standards vs. 6. fee. cere oe SORA eo telat 15 
Found to be below standard, .............. gs ar atenints 16 
SEES eO Mam ARTA ZO ye cise ole ae s s\elete as 3 ere Some ns ic 436 
EOE le OnO CM UG rete crys ectiouelis us) shies sScpe se Cites sv lle'ejolevere 320 
Found to be adulterated, ............... oy uss ice O paeG 
Samples of condensed milk analyzed, .........:0..02c0005 29 
[EO eeaCG (taal Of) 0 =e a ee ce re eeneucne coeds 21 
PROM MLOn era UlCCRA TCU ya acy «osc wr evepenetels oe sick = 8 
SLES OL VAN eCRAT ANAIYZCOs 2%, ecs's ole e sss ss eseps sles cic ee lal : 135 
SOU BLOM DUC re aie a: eekeial cyclo 5) « eiehaee) SiNeiees; 3.8 sas oustions 76 
HOMMGnLO De ACWILETALCOS a. .e care =. aie oistie seks le lelace as) = : 59 


The samples just mentioned, were taken under the provisions of 
special laws, passed for the regulation of the sale of these particular 
articles of food. 

The following samples were taken under a general law, enacted in 
1895, known as the Pure Food Law, the main features of which ap- 
pear in its first three sections, which are as follows: 


“Section 1. Be it enacted, &c., That no person shall, within this 
State, manufacture for sale, offer for sale or sell any article of food 
which is adulterated within the meaning of this act. 

“Section 2. The term “food,” as used herein, shall include all arti- 
cles used for food or drink by man, whether simple, mixed or com- 
pound. 
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“Section 3. An article shall be deemed to be adulterated within the 
meaning of this act, 

(a) In the case of food: (1) If any substance or substances have 
been mixed with it so as to lower or depreciate or injuriously affect 
its quality, strength or purity. (2) If any inferior or cheaper sub- 
stance or substances have been substituted wholly or in part for it. 
(3) If any valuable or necessary constituent or ingredient has been 
wholly or in part abstracted from it. (4) If it is an imitation of or 
is sold under the name of another article. .(5) If it consists wholly or 
in part of a diseased, decomposed, putrid, infected, tainted or rotten 
animal or vegetable substance or article, whether manufactured or 
not—or in case of milk, if it is the product ofa diseased animal. (6) 
If it is colored, coated, polished or powdered, whereby damage or 
inferiority is concealed, or if by any means it is made to appear bet- 
ter or of greater value than it really is. (7) If it contains any added 
substance or ingredient which is poisonous or injurious to health: 
Provided, That the provisions of this act shall not apply to mixtures 
or compounds recognized as ordinary articles or ingredients of arti- 
cles of food, if each and every package sold or offered for sale be dis- 
tinctly labeled as mixtures or compounds, and are not injurious to 
health.” 

Under this act, one thousand three hundred and sixty-nine (1,369) 
samples of food were taken by the Department and analyzed: 
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Ta OMA TINKS MATAUIY: LEGS, \cciercicisis.a.c:v1=\stoic)elstoceie’s 119,013 ste.e:6\e;sie a]siaitia pave ssa'e etoeweielsis 141 60 81 
Soar sfOUneainNeGrinikkS = Sacccsias slecie vince cicleje.s Aral ges esarara total jtrete tieveesiote evetare 62 31 31 
NIGAES MES AUIS APCS etO UC es mcters aveiitsteteratetsetsieleversieyelsieiniais\e(eicisteleleinjs siete elojelaieteferete ate 259 158 101 
IPReDATCOP MOOT Sas cece cisisisicioiaicieicleteimicis's mee ae 33 22 1 
Canned fruits and vegetables, os 44 13 31 
SyuUpsSs Susars, CetGsy 6 iss cce 92 36 56 
Table oils, apie are See ae 8 4 4 
SEL TVOMEDONVCLEDS Hi Glefeleicinie’s eloiieiaverolsiciersisieialeieisinctsicieseicistelelelpicistaerels | w\sleicieoeiailote 70 44 26 
CONTA CLE Sy iiitetetstelerciateraterelstereraela larcfolcis(e ein isiete el otelctelole oreseioroie le ciciers (otelersieicsaleissorereic ee cleieieie 10 8 2 
STOO SAT CRECODICIIMOIESE  velac cratsiere:siclerelucteisisieie fiave-eleiale. were etviaieleve.cleicleteieaeisieler se 271 98 173 
HES ACLE Menor sels nicceaccielslereretinais cis ssaicte rinsietelc steinistare: vralnieacahstiicicls ote ticdeeiine 296 53 243 
AANA CLILCS ANG eINATIMIAIAGES!, \cjcjc:cis:sicine « sle:cseisiereiejeie.e vio sitieeimeleiele’s lice ce 39 15 24 
LYTLE INU Co euiatetelereteretstetetatcrrtajetelsleletels!eleieie(ciele(elsic/e,oisivisis\cisfelelsiels:-laierere) civielersisleieteteiete 1 it fesbadonaasoc 
ETE CoL cal amatetat ste latatete lotetete(cteteisierelatsieisieivclovenioie cicicic s/s (alerascielelelste/ajee sere ferstorsveteteists 1,326 543 > 783 
Samples analyzed for special PurpOSeS, .......ccccccccccecsecccsencs 43 
ATO Cet aieretatoteleratetc(eleicie/e'e v/eialalsloleicvelelc afeye' ale eiaicie eieiele lajure sien ie c/eiererslsreimis(creis (erator 1 369 


This exhibit reveals not only the condition of the food products 
found upon the markets of the State during the two and a half years 
preceding July, 1902, but also shows the vast amount of work that 
has been performed in the interest of the public health. This work 
consisted not only in the collecting of the five thousand and twenty- 
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three samples of food products, often taken under quite difficult 
conditions, but also in the expert knowledge of a high character and 
in the painstaking labor, which were necessary, in order to analyze 
all of these samples, and to do this, in each case, with such accuracy 
and certainty as to warrant the analyst in testifying under oath, as 
to the correctness of his results. 

Along with this was the work of the attorneys and agents in the 
prosecution in court of over two thousand cases which were brought, 
the collection of the fines and penalties ,the keeping of full and cor- 
rect records in the office, and in the publication of the results, all 
of which ,it is believed, represents more work than has been per- 
formed in the same time, by the Food Departments of any three other 
States in the Union. 

The Conmissioner reports that during the past year, there had 
been collected by the agents, analyzed by the chemists, and reported 
to him, two thousand and fifty-two (2,052) samples of the several 
food products, and that of this number, 1,122 samples were found to 
be pure or true to name and 903 adulterated. 

There were 310 licenses issued for the sale of oleomargarine, 
which brought into the Treasury of the State $23,927.05. Two li- 
censes were issued for the sale of renovated butter, for which there 
-was received and paid into the State Treasury $766.07. There were 
collected in fines and penalties and paid into the State Treasury the 
following amounts under the respective Acts: 


FINES AND COSTS. 


PLS LN OV07 0 Bt oe et Be Nm ee $8,022 20 
POR INAS ITTV ANCE Uys a, ts Sea ove oles ec) coy Bhs Peo te ae 8,463 93 
PE REOWEEC( PESO CLET SACU cn 05 is, 2 5 leben Se. alee Seles ale gold ce 578 58 
STIVERS Jee GU Sod es ae Ae 1,177 24 
CUS SEs UCU ao Oe a aR TO 169 50 
UTES B/N Ba ae ee ae 447 42 
eter ACP NGG Unter treraeh tee. ic or ae Suenns Grasene tel oniate ues-eso sight dhe Se 23 00 


PLGA ctl ee etropenee seo 5 asi rah Pied o/c untal saya) 4) Syn fei icrSuki aaa ale, a0o . $18,881 87 
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The total, therefore, collected during the year 1902 and paid into 
the State Treasury up to December 1st, was: 


Gleomarca wwe: WCCNSES,. <i iejos.isi ven @ nya eral Stele elo op oars Bie ls $23,927 05 
henovaved. butter licenses). ci Seni. cele See ecco 766 O07 
PIMICS ANG CORES: o6 alive, c o's sive areetn leo vie eee ete 18,881 87 

MOAN erate sands Chen ho web iais tr Mae eRe ee ee ee . $43,574 99 


These facts show that there are still unscrupulous compounders 
of foods, who are willing for personal profit, to drug with poison, 
and to dilute with inferior articles, the various foods which they 
offer to the consuming public; and whilst, as has been shown, much 
has been done in the past several years to clear the shelves, shops 
and markets of this State of aduiterated and dangerous foods, there 
is necessity for continued activity, in order to secure universal com- 
pliance with our laws. 

The responsibility for food adulteration can be fixed upon three 
distinct classes of people; the manufacturer, the jobber and the 
retailer. 

The control of food adulteration as it affects the manufacturer, 
jobber and retail dealer, must, of necessity, be through the medium 
of laws regulating their trade, enforced by public officers delegated 
for the purpose. The proper framing of these laws, so as to protect 
the public against fraud and injury to heaith, is a task of no small 
magnitude. Care must be exercised, not to unnecessarily restrict, 
or injure, manufacturers and others, in their efforts to improve their 
processes, or in endeavoring to provide new combinations of food 
which are beneficial to the public. 

These laws should be, both State and National. The State laws, 
to secure the proper control of foods produced and sold within the 
State; and the National laws, for the regulating of the character of 
foods on the markets outside of the State in which they were manu- 
factured or produced. 

All of these laws should be definite and explicit in their require- 
ments, leaving as little as possible for interpretation or ruling by 
the executive, or for contention in the courts. The Pennsylvania De- 
partment of Agriculture has, with great care, and after frequent con- 
sultations with its corps of food experts, chemists, attorneys and 
agents, prepared and published a set of rulings, together with defini- 
tions and standards on food products, which it is believed will protect 
the public, are fair and just to the manufacturers and dealers, and 
are in strict accordance with the spirit of the law, regulating the 
manufacture and sale of food in this State. 

Legislation, for the control of food adulteration, has thus far been 
confined to the several States, acting independently of each other. 
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As a consequence, these laws differ widely in their requirements 
and are embarrassing to manufacturers and jobbers whose foods go 
into all sections of the country. Those who are in charge of the en- 
forcement of the pure food laws in the several states, are unanimous 
in the conviction, that a National Pure Food law is a necessity, if 
freedom from adulteration in food is ever to be a reality. State laws 
are, necessarily, confined in their scope, to State boundaries, and 
manufacturers and jobbers living outside of these lines, cannot be 
reached. All that can be done, is to arrest the dealer in the State, 
who handles their goods, and who, net infrequently, is innocent of 
any intention to deceive or cause injury to the public health. 

In a paper recently presented by me before the National Associa- 
tion of Dairy and Food Commissioners, on this subject, I stated that 
a National food law should have six purposes, clearly defined: 

“ist. It should protect the public health. 

“2d. It should prevent fraud. 

“3d. Such a law should protect foreign commerce. 

“4th. It should provide for the proper labeling of all food products 
placed upon the markets. 

“Sth. It should provide for the fixing of standards. 

“Oth. The law should provide for the publication of the results 
of the work of the Bureau.” 

Such a law has been prepared, and has the endorsement of the 
National Association of Dairy and Food Commissioners, and will be 
presented before Congress at its next meeting. It should have the 
active support of all who are interested in securing pure food for the 
people. . 

SUPREME COURT DECISION. 

A most important decision has been handed down by the Supreme 
Court of Pennsylvania affecting the question of the amount of a sub- 
stance, which is in itself poisonous, that can be added to a food under 
the Pure Food Law of the State. The case is known as that of the 
Commonwealth vs. John W. Kevin, appealed from the Superior Court 
of Pennsylvania to the Supreme Court of the State. The opinion 
was filed by Judge Mestrezat, March 3, 1902. The case is stated 
as follows: 

The defendant, who is engaged in the grocery business in the city 
of Philadelphia, was tried and convicted in the court of quarter 
sessions of Philadelphia county on an indictment charging him with 
having sold “one pint of raspberry syrup, the said raspberry syrup 
then and there containing an added substance and ingredient, to wit, 
salicylic acid, which is poisonous and injurious to health.” The in- 
dictment was found under the act of June 26, 1895, P. L. 317, entitled 
“An act to provide against the adulteration of food and providing for 
the enforcement thereof,’ and commonly known as the Pure Food 
Law. 
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The first section prohibits the manufacture or sale of adulterated 
food, the second section defines the term “food” as used in the act, 
and the third section provides ¢ter alia that “an article shall be 
deemed to be adulterated within the meaning of this act: (a) in case 
offood * * * (7) if it contains any added substance or ingredient 
which is poisonous or injurious to health.” The defendant was in- 
dicted for a violation of the seventh clause of the third section of 
the act. 

The court below held that “If the foreign substance added to au 
article of food is poisonous or injurious in any quantity, the statute 
declares it to be an adulteration.” This position was affirmed by 
the Supreme Court in. the following language: 


“We are of the opinion that the learned trial judge properly in- 
terpreted the act of Assembly under which this indictment was 
drawn, and that, therefore, his rulings on the admission of testimony, 
and his answer to points for charge, which are complained of in the 
assignment of error, were correct.” 

This decision has greatly simplified the work of the Department 
in enforcing the Pennsylvania Food Laws. There can now be no 
defense set up, that the quantity of the poisonous substance is so 
small as to have no injurious effect upon health, but if it can be 
shown that any added poisonous ingredient is present in even the 
smallest quantity, the defendant is liable to the penalty prescribed 
by the law. 


ACTION OF STATE MEDICAL SOCIETY. 

Early in this yeat an invitation was received by the secretary of the 
Department to appear before the Medical Society of the State of 
Pennsylvania, at their annual meeting to be held in Allentown, Pa., 
September 16th, 17th and 18th, to address them upon the subject 
of “Food Adulteration.” In presenting the subject, the fact was 
brought out that there is lack of agreement in the medical profes- 
sion, in regard to the effect upon health of certain preservatives 
frequently found in foods. Inasmuch as this lack of unanimity of 
opinion has been a serious embarrassment to the Department in its 
enforcement of the laws, I take the liberty of quoting from that 
address the portion which relates to this sabject: 


“I can bear testimony to the valuable service, which members of 
this association have rendered the food authoratives of this State, 
when called upon to testify as to the effect of certain specified adul- 
terations, upon the health of the persons who consume them. At 
the same time, I call your attention to the fact, that those who are 
on trial for adulterating foods, or selling foods that have been adul- 
terated, confront us with medical experts who testify, that salicylic © 
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acid is not injurious to health, and that boracic acid compounds and 
benzoate of soda are harmléss ingredients of food. Thus doctors 
disagree. Has medicine still to depend upon opinions, or guessing, 
in matters such as these? Why should medical testimony, on sub- 
jects so important conflict among men who have graduated from the 
same school of medicine, and have had equal opportunities to ob- 
serve? Pure food officers, judges and juries are dependent upon 
you, for testimony as to the effects of ingredients found in food, 
upon the public health. We can go no further than you permit. A 
bill was before the last Legislature to protect meat from adultera- 
tion by the use of salicylic acid, and it failed, because eminent physi- ° 
cians declared, before the committee of the Senate, that they used 
it in their practice with no harmful effects upon the public health. 
The Department recently lost an important case in which borax 
had been used, through the evidence of local physicians who did 
not think it harmful as a preservative of butter. 

“Would it not be well for this Society, to appoint a committee 
of its most experienced members, to take up the question of the 
effects of the various substances now employed for the preservation 
and adulteration of our foods, and report their conclusions to this 
body at its meeting in 1903? The field of food adulteration is a wide 
one, and needs investigation more, perhaps, than any other. The 
duty, sooner or later, must fall upon you, and I urge that you do not 
defer, but take it up at once, and aid in settling, once for all, all 
doubt as to the character of these substances, that are now so 
freely and indiscriminately used, to dose our foods. 

“The officers who enforce the food laws in this State must face 
the difficult questions which continually arise in the matter of the 
coloring and preserving of foods as well as the right of manufac- 
turers to lower or depreciate their value, through the addition of 
cheaper substances of inferior grade. Many of these questions are 
pathological in their character, and require for their proper answer, 
knowledge which only experts and specialists can supply. If a prop- 
erly qualified board, made up of members of your society, were ap- 
pointed, these questions could be referred to them, and their reply 
would often determine the action which should be taken.” 


In response to this request the Society passed the following res- 
olution: 

‘* Whereas, The Department of Agriculture of the State of Pennsyl- 
vania through its work in the examination of food, discloses the fact, 
that there are in the general market, foods that either are below 
the standard of commercial value, or those that are adulterated by 
the mixture of poisonous or injurious matters, either to increase the 
profit, change the color and texture, or to unduly preserve from 
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decomposition, and as these changes have in many instances been 
followed by the arrest and conviction of the manufacturers or 
dealers, in the different courts of our State, proving that the claims 
of the Department of Agriculture are well grounded, and their 
efforts to protect the health of the people demands our co-operation. 

** Resolved, That the President of the Medical Society of the 
State of Pennsylvania, appoint a committee of five members, who 
shall consider the question of food adulteration, the use and abuse 
of the various so-called preservatives and the coloring of food, and 
the effect of these adulterants upon the health of the people. 
-Thkis committee, if appointed, to investigate and report at our next 
annual meeting; and be it further 

** Resolved, That the officers of the Department of Agriculture of 
the State of Pennsylvania be asked to co-operate in the work of 
our committee.” 


The committee was duly appointed with Dr. Henry Leffman, of 
Philadelphia, as chairman. 

This action by the Medical Society, representing a membership 
of over 3,500 physicians will, unquestionably, result in great good 
to the general public, and materially assist the Department in its 
enforcement of the Pennsylvania food laws. 


A DIVISION OF ANIMAL HUSBANDRY. 


It is apparent, from the amount of work which the Dairy and Food 
Division has performed in the enforcement of the food laws of the 
Commonwealth, that there is no time for giving proper atiention to 
that other branch of the work of this Division, namely, the develop- 
ment of our dairy industry. 

We do not at present supply much more than one-half of the 
butter needed by our citizens. With the facilities for milk produc- 
tion which this State affords, we should not be dependent upon our 
neighbors for our supply of dairy products. Special attention to 
this branch of our farming industry, by a capable and enthusiastic 
officer, unembarrassed by the difficulties attending food control 
would soon bring about an increase in our dairy production. 

We have also the question of an increase in our home raised beef 
supply. Many thousands of acres of land throughout the State are 
admirably adapted to the growth of beef and mutton. The great 
ranges of the West have almost disappeared, and the supply of the 
future must soon be grown upon the smaller farms of the East, 
South and middle West. There are also the breeding of swine and 
poultry which have never yet been seriously taken up in Pennsyl 
yania, Hitherto they have rather been adjuncts or subordinate 
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branches of our farm production. No more profitable branch of 
farming exists than this, if properly understood and conducted. 
There is also an increasing demand for well bred horses for draft 
and driving purposes. A large part of the supply for use in Penn- 
sylvania is brought from other States which are no better situated 
than our own for the breeding of this class of our domestic animals. 

These subjects, representing as I have elsewhere indicated, an 
investment of about $125,000,000.00, could easily be increased to 
double or treble their present number. 

The State Live Stock Sanitary Board already has its special work 
in caring for the health of our live stock, and conducting investiga. 
tions into the causes of, and discovering remedies for, the diseases 
that affect domestic animals throughout the State. 

The particular work, therefore, now needed, and for which no pro- 
vision has been made, is the looking after the commercial side of the 
live stock industry of the State. I suggest that a Division be created 
in the Department of Agriculture, to be known as the Division of 
Animal Husbandry, to be under the direction of a Commissioner who 
shall have a clerk, and be charged with the work of assisting and 
building up the live stock industry of the State. 

Such a Division would cost the State the salary of the Commis- 
sioner, $2,500.00, and that of his clerk, $1,500.00, a total of $4,000.09, 
a small sum to expend, in promoting the interest of this most profita- 
ble and important branch of our farming industry. 


DIVISION OF ECONOMIC ZOOLOGY. 


The work of this Division during the year has been largely con- 
fined to the receiving and tabulating of the reports of the nursery 
inspectors, and the issuing of certificates to nurserymen, declaring 
that the nursery has been inspected and found to be free from San 
José Scale, and other dangerous insect pest or pests. 

The presence of San José Scale in many orchards in the State 
has made the work of the nurseryman most difficult. He is ex- 
pected to keep his nursery free from this pest, although his neigh- 
bors have it in their orchards, from whence it is carried by birds 
into the grounds of the nurseryman, and infests his stock. It is, 
therefore, becoming practically impossible for our nurserymen to 
keep their stock clear from infestation. Pennsylvania is not ex- 
ceptional in this respect, for the same difficulty is encountered in 
almost all of the other States, 
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When the San José Scale first appeared, entomologists set to 
work to stamp it out, and adopted the most heroic treatment for this 
purpose. There was general destruction of infested trees ordered on 
every hand, and yet the scale spread more rapidly than the de- 
stroyers could follow it, until it became evident, that the continuance 
of this treatment would ultimately result in the loss of all the fruit 
orchards of the country. Orchard and nursery inspectors were con- 
sequently compelled to abandon this method as a remedy, except in 
extreme cases, and devote their attention to the discovering of some 
insecticide that would be destructive of the insect, and yet do no in- 
jury to the plants to which it is applied. In short, they endeavored 
to find a means of controlling the spread of this insect, rather than 
to attempt the destruction of every single scale. 

This has resulted, after much careful study and experimentation, 
in their recommending three preparations, any one of which has been 
found reasonably effective for this purpose. Crude petroleum either 
mixed with from 75 to 80 per cenit. of water, or used pure; whale 
oil soap; and lime salt and sulphur, or sulphate of copper wash. 
The latter two preparations are free from danger of doing damage 
to the trees, and whilst the first is attended at times with injurious 
effects, it is, perhaps, the most efficient in destroying the scale. 

The Department has had several experts prepare bulletins of in- 
formation upon the use of these and other insecticides. One by 
Dr. H. T. Fernald, Entomologist for the State of Massachusetts, 
one by Dr. J. B. Smith, Entomologist for the State of New Jersey, 
one by Dr. A. V. Stubenrauch, Instructor in Horticulture in the 
University of Illinois, and one by Prof. H. A. Surface, Professor of 
Zoology in The Pennsylvania State College. The dissemination of 
this information among our orchardists and nurserymen will be of 
great value in enabling them to combat these insect foes. 

At a general meeting of the nursery inspectors of the several 
States, and of the entomologists connected with the colleges and 
Experiment Stations of this country at Atlanta, Ga., in October of 
last year, at which this Department was represented, the following 
resolutions relating to nursery inspection were adopted. 


Ist.—‘Resolved, That the examining or certifying officer of each 
State, accept at its face value the statement made in certificates 
duly granted under the laws of their State, so far as the laws of 
his own State admit, unless information at hand creates reasonable 
doubt as to the regularity of the certificate or its application. 

2d.—‘That the inspectors of the several States should freely and 
frankly exchange communications with regard to nursery infestation 
and attempts at evasion of the laws, as might, from time to time, 
come to their notice. 
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3d.—‘That inter-state co-operation for the control of horticultural 
pests whose area of destruction extends across State lines, is most 
desirable, and sheuld be as complete as the laws of the States con- 
cerned will permit, and that in the treatment of any particular pest, 
preference shouid be given to such cases. 

4th —“That it is the sense of this body that the nurserymen should 
not be required to pay the expense of the ordinary inspection of 
nursery stock. 

5th.—“‘That the entire cost of insecticide or fungicide measures 
required by law, should be borne by the owner of the affected prop 
Greys 

6th.— “That in the opinion of this meeting, nursery stock fumi- 
gated according to accepted requirements, should be considered as 
satisfactory as stock sold under certificates of inspection only.” 

The last resolution was adopted with the understanding that fumi 
gation is not to supplant, but rather to supplement inspection. The 
resolutions are quoted in full and show how far the best scientific 
experts have gone in the matter of nursery inspection, and in the 
treatment by rumigation, of nursery stock. 

The action quoted, taken in connection with the report of the 
committee appointed to consider the question of the best insecticides 
to use for the destruction of San José Scale in orchards and nuseries 
in this country, made at the meeting in Washington in November, 
1901, makes clear the position of the leading authorities on the 
subject of the control of San José Scale. The report of the com- 
mittee is as follows: : 

“The committee after due consideration finds itself able to agree 
upon the following recommendations for treatment: 

Ist—“For Nurseries: Proper fumigation with hydrocyanic acid 
gas after inspection. 

2d.—‘For Orchards: Late summer and fall treatment with dilute 
solutions of insecticide soaps, oils or other effective insecticides to 
kill young scales. Winter treatment, with insecticide soaps or 
oils sufficiently strong to kill the scale, which have been proved safe 
to trees of all kinds in the region where the application is to be 
made.” 


NURSERIES IN PENNSYLVANIA. 


Pennsylvania is deeply interested in this subject, for we have 
145 nurseries, with a total acreage of 2,7204 acres. Of this acreage 
our inspectors report, as being in very good condition, 1,7384 acres; 
in good condition, 505 acres; in fair condition, 2244 acres; and in 
poor condition, 2524 acres. There were 135 certificates granted, and 
10 refused. 


3 
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The inspectors of the Department are instructed to examine the 
following plants for San José Scale, inasmuch as all of these are sus- 
ceptible to its attacks, namely: Grapes, Lindens, Euonymus, Almond, 
Apricot, Apple, Cherry, Cotoneaster, Hawthorns, Peach, Plum, Pear, 
Juince, Raspberry, Rose, Spiraea, Gooseberry, Currants, Persim- 
mons, Acacia, Lilacs, Privet, Elm, Osage Orange, English Walnut. 
Pecan, Alder, Willows. 


CONTROL OF INSECT PESTS. 


The work of controlling insect pests in orchards and nurseries, is 
only dealing with insects as they affect a single branch of agriculture, 
whereas the depredations of insects and the destruction occasioned 
by fungus diseases, extend to all crops, and to every plant in every 
crop. They are to-day the most threatening and formidable of the 
enemies which the agriculturist has to meet. They multiply by 
myriads, and unless controlled will cause the destruction of much 
useful vegetable life. 

The combating of these hosts is a work of great magnitude and 
difficulty, and its importance cannot be exaggerated. It requires 
experts of the greatest experience and most accurate knowledge. 
to even attempt to overcome the difficulties that must be encountered 
and discover remedies which are effective, and which the ordinary 
farmer can safely apply. The loss to the United States, annually, 
from injurious insects, is-given at about $300,000,000; or about one- 
tenth of our agricultural production, is lost through the depredations 
of insects. 


HESSIAN FLY INVESTIGATION. 


This Department, over a vear ago, engaged the services of Prof. 
H. A. Surface, Professor of Zoology in The Pennsylvania State Col- 
lege, to make an investigation as to the ravages of the Hessian Fly, 
with a view of discovering a method of treatment, by which our 
wheat crop may be protected against it. This investigation has 
been concluded, and the report is now ready for the printer. Many 
thousands of samples of wheat were collected from all parts of the 
State, at regular intervals of time, and examined for the presence 
of the fly. The report shows that wheat plants, taken from fields 
sown in August were all infested, and that the number of the 
infested plants from fields sown later, diminished until the last of 
September, after which no fly was found. The report is of great 
value, and ought to be distributed by the thousands over the State. 

Asan example of the service which the Department is rendering 
in the way of giving information in regard to the treatment of crops 
for protection against insect pests. the following may be taken as 
an illustration. A prominent grower of canteloupes in this State 
lost his crop in 1900 from an attack of plant lice. On the 15th of 
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August, 1902, he came to the Department greatly excited, because 
of the appearance of this same enemy in his field this year, which 
threatened the destruction of his crop. The Department immedi- 
ately notified a prominent entomologist in the State, and requested 
him to visit this farm, and do what he could to arrest the destruc- 
tion. His visit saved the crop, which meant to the farmer escape 
from serious financial loss. There is scarcely a limit to the useful- 
ness of this Division in assisting agricultural people with advice, and 
by personal visit, by experts who have been thoroughly educated in 
the science of entomology. 


A DIVISION OF HORTICULTURE AND POMOLOGY. 


In the absence of any other suitable place in the Department, 
there was assigned to the care and attention of the Division of 
Economic Zoology the important branch of our agriculture, em- 
braced by the term Horticulture. The climate, soil and situation 
of Pennsylvania all combine to make it one of the most desirable 
States in the Union for fruit farming. No other State produces 
fruit of finer flavor or of more attractive appearance. Apples, 
peaches, pears, plums, grapes and small fruits can be grown any- 
where in our State with fair success, but if localities are selected, 
which the State affords, that are specially adapted to the growth 
of each of these several fruits and their varieties, then we surpass 
other States, in the abundance, quality and appearance of our pro 
duct. The Department recognizing the importance in fruit growing, 
of discovering the kind of soil, elevation, slope, degree of moisture, 
distance of the water level from the surface, and the climatic condi 
tions, adapted to the producing, in perfection, of the several varie. 
ties of fruits, started an investigation about one year ago, the re 
sults of which have been published in Bulletin No. 106, to discover 
the places in our State where each variety of fruit has shown the 
best results. The bulletin giving this information, it is believed, 
will be of great assistance in locating orchards, and in selecting the 
particular varieties of fruit which are adapted to given localities. 

The subject of Horticulture has been so important in our State, 
that it ought no longer be relegated to a subordinate position in a 
Division of the Department, to which it is not naturally related. 
There should be established in the Department of Agriculture a 
Division of Horticulture, with a Commissioner of Horticulture as its 
chief, and a clerk as an assistant, so that this great interest may 
have the help of the State in its development, and be under the con- 
tinual care of an officer who is an expert in this respect. I therefore 
repeat my recommendation of two years ago, that a Division of Horti- 
culture and Pomology be established in this Department, to be 
equipped with a commissioner and clerk, and provided with proper 
facilities for carrying on its work. 
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DIVISION OF VETERINARY SCIENCE. 


The office of the State Veterinarian has experienced a year of 
unusual activity and progress. As heretofore, the greater part of the 
State Veterinarian’s work has consisted in aiding herd owners who 
wish to eradicate tuberculosis from their herds and, with this object 
in view, enter voluntarily into a contract with this Commonwealth 
under which they receive important assistance, on condition that 
they will do what they can to make the work permanent. .Other 
diseases of animals, have also required much attention during the 
year. “Rinderseuche” have been the most important, because the 
most prevalent. There has been less anthrax and black-quarter than 
for several years, and due, it is believed, to the systematic vaccina- 
tion against these diseases that has been practiced on rather a large 
scale during the past few years. . 

Ever since the organization of the work of the State Live Stock 
Sanitary Board, a laboratory has been maintained for the produc- 
tion of the tuberculin, mallein and anthrax vaccine used in the regu- 
lar work of the Board. The cost of maintaining the laboratory, has 
been more than made up, in the value of these products. But in ad- 
dition to this work, the laboratory has served a most useful purpose 
in affording facilities for the diagnosis of specimens from diseased 
animals, and has by this service considerably increased the effi- 
ciency of the veterinary profession of the State. Outside of all of 
this routine work, the laboratory has furnished the opportunity for 
conducting a rather remarkable volume of research. This division 
of the work has been most fruitful, and has been the means of re- 
vealing many new and serviceable facts in connection with the path- 
ology, the diagnosis, and the prevention of some of our most preva- 
lent and destructive animal diseases. The most notable achieve- 
ments in this line during the past year have been, first, the establish- 
ing of the essential identity of the animal and human tuberculosis; 
second, the development of a method for immunizing cattle against 
tuberculosis by vaccination, and, third, the indentification of the 
“Rinderseuche” as the disease that has heretofore been called the 
“mountain disease of cattle’ and has caused considerable losses in 
some of the rougher parts of the State. 

In regard to tuberculosis, the number of inspections is limited 
only by the funds available for making them. There are several] 
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times as many applications from herd owners as can be responded to 
under the existing financial limitations. Since all herds whose 
owners apply for an inspection and tuberculin test, can not be in- 
spected and tested, and all tubercular cattle removed as is desired, 
the attempt is at all times made, to test the herds that appear to be 
most extensively infected, and in respect to other herds, to remove 
the animals that are most immediately dangerous. In this way 912 
tubercular cattle have been considered and destroyed during the year. 
These were appraised at $26,306.25. There is at present a most 
active desire on the the part of cattle owners to free their herds from 
tuberculosis. They appear to keenly realize the harm the disease is 
doing, and are willing to co-operate with the State Veterinarian 
to repress it. Indeed, as stated above, they constantly apply, of 
their own volition, for more aid than the State Live Stock Sanitary 
Board can pay for. The result of this interest is, that tuberculosis 
of cattle is being repressed in Pennsylvania at a gratifying rate, and 
each year shows less loss from this cause. 

There have been 35 cases of glanders in the State during the 
past year. Most of these diseased animals were involved in two 
outbreaks of the disease, one of which came from a glandered mule 
from East St. Louis, and the other was traced to a pony from Mary- 
land. By immediately checking such outbreaks, the dissemination 
of the disease and the infection of the horse stock of the State, is 
prevented. The value of this protection is apparent, when it is 
known, that in Massachusetts with about one-fifth the area of Penn- 
sylvania, there are from seven to eight hundred condemnations on 
account of glanders each year. 

Rabies has prevailed rather extensively, and nearly all parts of 
the State have been involved. It is extremely difficult to prevent 
this disease, and it is scarcely possibly without establishing a gen- 
eral quarantine of.all dogs in infected districts. In order that this 
may be done effectually additional legislation is necessary, and a bill 
covering this ground will be submitted to the incoming Legisla 
ture. 

The discovery of “Rinderseuche” has cleared up a question as to 
the identity of a disease that has prevailed rather extensively among 
cattle turned out in some of the rougher mountainous parts of the 
State. This disease has been shown to exist in only two other parts 
of the United States, but now that attention has been called to it, 
it may be found that it is of much wider distribution than has been. 
supposed. 

All things considered, the most notable achievement of the year, 
so far as the work of the State Veterinarian is concerned, is the de- 
velopment of a means to vaccinate cattle for the prevention of tuber- 
culosis. This process consists in introducing into the system of the 
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animal a culture of the tubercle bacillus, so attenuated, as to be in- 
capable of producing disease. After a few treatments of this sort, 
the animal is able to resist, without sign of the least injury, in- 
oculation with virulent tubercular material that is fatal for unpro 
tected animals. This work has gone far enough to show that the 
principle upon which it is based is sound. It now remains to de- 
velop the methods that are necessary to make this system of general 
service. The State Veterinarian and his assistant, Dr. S. H. Gilli- 
land, are now actively at work on this problem and are of the be- 
lief that they will soon be able to solve it. The immense practical 
value of this discovery cannot now be fully estimated. It is clear, 
however, that successful vaccination against tuberculosis of cattle 
will save the State annually far more than the entire cost of the 
work of the State Live Stock Sanitary Board, and of the entire De- 
partment of Agriculture. The State is to be congratulated upon 
the foresight of the Legislature, that led to the maintenance of the 
laboratory and research work of the State Live Stock Sanitary Board. 
It has already paid for itself many fold in laboratory products for 
use in diagnosticating and preventing disease, and in other actual 
results now to its credit. 


COMMERCIAL FERTILIZERS. 


The new law regulating the manufacture and sale of commercial 
fertilizers went into effect January 1, 1902. The act increases the 
license fee, on brands sold in amounts under one hundred tons, from 
ten to fifteen dollars, and enlarges the powers of the Secretary in 
enforcing the law. 

The increased fee has added materially to the amount available 
for analytical work, and will, it is believed, enable the Department 
to have analyzed each year, a sample of every brand found upon the 
market. 

There were sixty-five more brands licensed this yearthan last; there 
being one thousand and one licensed in 1901, and one thousand and 
sixty-six in 1902. The agents collected fourteen hundred and forty- 
one samples this year, of which 923 were analyzed. 

The samples analyzed are classified as follows: 
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Complete fertilizers, containing phosphoric acid, potash and 
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Dissolved bone, containing phosphoric acid and nitrogen, .... 4 
Rock and potash, containing phosphoric acid and potash, ..... 108 
Acidulated rock, containing phosphoric acid, ....... Rn ee en PLO 
Ground bone, containing phosphoric acid and nitrogen, ...... 55 
Miscellaneous, containing potash salts, nitrate of soda, ete., .. ih 
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Under the old act, the Secretary had no power either to compel 
payment of the license fee, or to prosecute a manufacturer or dealer 
whose goods fell below the guarantee marked upon the sacks. The 
present law corrects these defects, and greatly aids in securing 
prompt attention to correspondence and compliance with the re- 
quirements of the law. 

The chemical determinations to which a complete fertilizer is 
subjected are: 1, moisture; 2, phosphoric acid—soluble, reverted and 
total; 3, potash soluble in water; 4, nitrogen; 5, chlorine, for the pur- 
pose of determining the proportion of potash as a muriate. 

Ground bone is subjected to a mechanical analysis by means of 
sieves, dividing it into fine and coarse. The diameter of the mesh 
of sieve for fine bene being one-fiftieth of an inch, and that of the 
coarse above this dimension. 


INSTRUCTIONS TO SAMPLING AGENTS. 


Fertilizer manufacturers sometimes allege that there have been 
errors made on the part of our sampling agents in selecting samples 
for analysis. It is due these manufacturers, as well as this Depart- 
ment, that the greatest care shall be exercised on the part of all 
connected with this work, to insure that the samples are fairly 
taken, are properly sealed and label.d, and are sent to the chemist 
in exactly the condition in which the goods were found. 

In order, therefore, that there may be uniformity of practice on the 
part of our agents, the following instructions have been prepared for 
their guidance, and strict adherence to these directions is required: 


Ist—No sample shall be taken from the manufacturer’s ware- 
house, 

2d.—No agent shall draw more than two samples of any one 
brand of fertilizer, unless for some special reason, which he shall 
state in his report. 
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3d.—Two samples of each brand shall be taken, if possible, select- 
ing them from different localities. 

4th.—Each agent shall make report from time to time in duplicate, 
giving the number of each sample taken, in consecutive order; the 
name and the address of the manufacturer, the name and address 
of the agent selling the goods from which the sample is taken; an 
EXACT copy of the name of the brand of fertilizer; and the selling 
price per ton of 2,000 pounds, at point of selection. He shall then 
subscribe his name to each report and send one copy to the official 
chemist, and the other to the Secretary of Agriculture, at Harris- 
burg, Pa. 

5th.—Agents shall occasionally weigh a bag of fertilizer, to verify 
the markings as to weight. 

6th.—A gents shall keep full memoranda of all the samples; stating 
the number of packages from which the sample is taken, together 
with such additional notes of information as may be of service for 
future reference, in case the accuracy of their work is called in ques- 
tion. 

Tth.—The sample for analysis must be taken from at least four 
sacks. The sampling tube to run its full length from the top toward 
the bottom down the centre of the sack, then turned two or three 
times to fill it, and the contents emptied upon a sheet of clean, tough 
paper. The samples from the four sacks to be then thoroughly 
mixed together, rolling the fertilizer back and forth across the paper 
by lifting the sides alternately. After thoroughly mixing, take a 
spatula and run it close along the paper under the mixture, lifting 
it straight up so as to get a perfect cross section of the heap. 

8th.—The sample taken as in paragraph 7, is to be AT ONCE 
packed into the glass bottle provided for the purpose; the lid im- 
mediately screwed down tight, and upon the labei attached, give 
the name of the sampling agent and the number of the sample, 
as marked upon the agent’s list. The bottle containing the fertilizer, 
to be at once inserted into the paper case provided, first writing 
his name and the number corresponding to that on the bottle on 
the outside of the case. Then moisten the gum flap and seal se- 
curely. 

9th.—In shipping to the chemist, great care is to be taken to so 
pack the bottles as to avoid breaking, and the shipping directions 
should be securely attached to the package, with the name also of 
the sampling agent marked on the box. 

10th.—A gents will keep the Secretary of Agriculture informed in 
advance of the points to be visited, so as to be promptly reached by 
telegraph or mail, if necessary. 
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VALUATIONS OF FERTILIZERS. 

The market value of a commercial fertilizer is governed by the 
cost of the several ingredients which compose it, adding freight, 
cost of bagging, mixing and agents’ commission. The value, there- 
fore, is subject to the variations in the market price of nitrogen, 
phosphoric acid and potash in their various forms. Each year, there- 
fore, the list of prices used by the Department for the computation 
of values, is revised and published for the benefit of purchasers. The 
schedule of values for fertilizer ingredients for 1902 is as folllows: 


Schedule of Values for Fertilizer Ingredients, 1902. 
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- Potash in excess of that equivalent to the chlorin present, will be 
valued as sulfate, and the remainder as muriate. 

Nitrogen in mixed fertilizers will be valued as derived from the 
best sources of organic nitrogen, unless clear evidence to the con- 
trary is obtained. 

Phosphoric acid in mixed fertilizers is valued at bone phosphoric 
acid prices, unless clearly found to be derived from rock phosphate. 

Bone is sifted into two grades of fineness: Fine, less than 1-50 inch 
in diameter; coarse, over 1-50 inch in diameter. 

The result obtained by the use of this schedule does not cover the 
items of mixing, bagging, freight and agents’ commission. To cover 
these, allowances are made as follows: 

For freight, an allowance of $2.00 per ton on all fertilizers. 

For bagging, an allowance of $1.00 per ton on all fertilizers, except 
when sold in original packages. 


3—6—1902 
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For mixing, an allowance of $1.00 per ton on complete fertilizers 
and rock-and-potash goods. 

For agents’ commission, an allowance of 20 per cent. is added to the 
cash values of the goods ready for shipment. 

The mean quotation on freight from New York, Philadelphia and 
Baltimore to Harrisburg, in January, 1897, was $1.68 per ton, in lots 
of +welve tons or over; in May, 1899, quotations by the Pennsylvania 
Railroad were: From New York, $2.40; from Philadelphia, $1.70; 
and from Baltimore, $1.55; mean rate from the three points, $1.88. 


PUBLICATION OF RESULTS OF ANALYSES. 


The results of the analyses of samples collected, are published 
each year, in two bulletins, one containing the samples taken and 
analyzed in the spring, and the other those taken and analyzed in 
the fall. 

These bulletins have been in great demand by farmers and dealers, 
and are being carefully studied by them with a view of securing fer- 
tilizers from manufacturers whose goods are up to their guarantees, 
and who offer the most advantageous rates. The growing practice 
among our farmers of studying the needs of the soils they cultivate, 
and the character of the fertilizers suited to these requirements, is 
one of the most hopeful indications of progress. They are rapidly 
coming to learn, that agriculture requires for its proper pursuit 
intelligent and careful management, that the soil will no longer 
bring abundant harvests without added nourishment, and that the 
securing of this in the cheapest and most available form is a problem 
that each one must, in a great measure, solve for himself. Science 
is disclosing the constitution of fertilizers, plants and soils. The 
question of the best adaptation of these to each other, must always 
be left to the individual who grows the crop. He must himself 
experiment and determine what his particular soil needs to grow 
a particular crop. ‘To do this successfully requires that a magn shall 
be a close observer and have trained powers of investigation and 
thought. These qualities are acquired through the reading of scien- 
tific discussions of the subjects, by becoming familiar with the re- 
sults of the work of other experimenters in agriculture, and by study- 
ing the principles that underlie plant life and growth in their 
various forms. The winter months afford ample leisure to the 
average farmer to thoroughly post himself on what is known on the 
subject of fertility, and to take up, systematically, the subject of 
fertilizers, their action and proper and economical use. 
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SPECIAL INVESTIGATIONS. 


A number of scientific experts have been at work for the Depart- 
ment during the vear, in making special investigations into subjects 
relating to agriculture, upon which the public need accurate informa- 
tion. The ordinary farmer has not the time to give to such investi- 
gation, even if he had the scientific knowledge requisite to fit him 
for the work. Scientists who are devoting their lives to such inves- 
tigation must, therefore, be employed, and it is difficult to secure 
their services owing to their being engaged in scientific institutions, 
where the multitude of regular duties that these men are expected 
to perform, fully occupy their time. 

At best, the number of these who are competent for this work, is 
quite limited. Comparatively few have made thorough study of 
agricultural problems in their deeper mysteries, and, therefore, but 
few are able to speak with authority upon the subjects which vex 
the agriculiurist and need immediate solution. What the Depart- 
ment secures, therefore, of this character of work, must be taken 
from the vacation days and recreation hours of these men. 

During the past year the following subjects were under investi- 
gation, some of which were reported upon in bulletin form, and others 
are still incomplete. 

Investigation, into the habits of the Hessian Fly, with the view of 
discovering when grains may be sown in the various localities in 
the State, to avoid its ravages. This investigation has now been 
under way since the spring of 1891. 

Investigation, into the most economical methods for the production 
of beef in Pennsylvania. 

Investigation, into the science of dairying. 

Investigation, into the proper heating, lighting and care of green- 
houses. 

Investigation, into the best means for the control of insects in- 
jurious to cucurbitaceous plants. 

Investigation, into the best methods for canning fruits and vege- 
tables. 

Investigation, into the character of canned goods found upon the 
markets. 

Investigation, into the character of soil bacteria in their effects 
upon plant growth. 
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Investigation, into the growing of hot-hovse lambs for early 
m: ket. 

Investigation to discover the best methods of preparing and ap- 
plying insecticides. 

Investigation, for the determining of the best form of horse for 
special purposes. 

Investigation, into the use of phosphates and their effects in grow- 
ing crops. 

Investigation, for determining the best methods of destroying San 
José Scale. 

Investigation, for discovering the fruits adapted to the various 
soils and districts of Pennsylvania. 

Investigation, into the characteristics of the potato, and the best 
methods for its cultivation. 

Investigation, into the effects of various vegetable substances in 
the improvement of soils. 

Investigation, of the system of agricultural fairs, with a view 
of suggesting methods for their improvement. 

Investigation, into the effects of feeding steers for beef in open 
sheds. 

Information is much needed upon all of these subjects, the data 
for some of which required years of careful observation and ex- 
periment to collect and properly digest. In some instances the re- 
sults are the work of a lifetime of study and experimentation, all 
embodied perhaps in a few pages only, of printed matter, but of such 
vital importance to the farmer, as to be of inestimable value in 
enabling him to understand and properly apply scientific truth, that 
previously he had never understood. 

The securing of the preparation of bulletins of information such 
as are here referred io, is a most important part of the work of the 
Department, in its efforts to enlighten and assist country people, 
in those things which most nearly affect their life and occupation. 


No. 6. DEPARTMENT OF AGRICULTURE. 87 


PUBLICATIONS. 


The Department has prepared and published during the year its 
Seventh Annual Report, in two volumes. Volume one contains 1,040 
pages, and volume two 464 pages. The law provides for the print- 
ing of 31,600 copies of this report, to be distributed to the Senate 
9,000 copies; to the House of Representatives 20,000 copies; to the 
Department of Agriculture 2,000 copies; to the State Librarian 500 
copies; and to the State Agricultural Experiment Station 100 copies. 

The Department is seriously embarrassed in not having a sufficient 
number of these reports to supply the demand. At least 5,000 
copies should be given to the Secretary for distribution. Requests 
come from all of the States, and from foreign countries, for copies of 
our reports, many of which have to be denied owing to the supply 
having become exhausted. 

The Department is endeavoring to improve the character of its 
Annual Reports each year, by excluding all superficial and irrele- 
vant matter, and publishing only that which has been well digested 
and which promises to be helpful to agricultural people. The addi- 
tion of an Appendix, containing statistical data, has supplied the 
farmers of the State with useful tables for reference, and has been 
highly commended. 

The law authorizes the Secretary to print bulletins of information 
“upon such subjects relating to agriculture as he may deem useful.” 
Each publication is limited to five thousand copies, a number alto- 
gether inadequate for the supply of the demand for some of the 
editions. The law should permit the Secretary, in his discretion, 
to print copies of any bulletin to a limit of 25,000, the number being 
governed by the demand for the publication. Bulletins for which 
there is likely to be slight demand would have the editien restricted 
to the number that would probably be needed, and if it was discov- 
ered later that the edition was inadequate, there could be a second 
and third edition published, up to the 25,000 limit. 

The Department has published since its organization in 1895, one 
hundred and six of these bulletins, embracing a wide variety of. 
subjects, treated by some of the most capable investigators in the 
country. During the past year there have been published nineteen 
bulletins, upon the following subjects: 
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No. 88. List of Creameries in Pennsylvania. 

No. 89. Tabulated Analyses of Commercial Fertilizers. 

No. 90. Treatment for San José Scale in Orchard and Nursery. 

No. 91. Canning of Fruits and Vegetables. 

No. 92. List of Licenses Granted by the Dairy and Food Commis- 
sioner. 

No. 93. The Fundamentals of Spraying. 

No. 94. Phosphates—VPhosphatie or Phosphoric Acid Fertilizers. 

No. 95. County and Local Agricultural Societies, 1902. 

No. 96. Insects Injurious to Cucurbitaceous Plants. 

No. 97. The Management of Greenhouses. 

No. 98. Bacteria of the Soil in their Relation to Agriculture. 

No. 99. Some Common Insect Pests of the Farmer. 

No. 100. Containing Statement of Work of Dairy and Food Di- 
vision from January 1, 1902, to June 30, 1902. 

No. 101. Tabulated Analyses of Commercial Fertilizers. 

No. 102. The Natural Improvement of. Soils. 

No. 103. List of Farmers’ Institutes of Pennsylvania. 

No. 104. Modern Dairy Science and Practice. 

No. 105. Potato Culture. 

No. 106. The Varieties of Fruit that can be Profitably Grown in 
Pennsylvania. 


+ 


These nineteen bulletins, if bound together, would make a volume 
of 1,587 pages. 

No Experiment Station in this country has done as much, and it 
is questionable if the National Department of Agriculture at Wash- 
ington has done more, or better work in this respect. 


LIBRARY. 


A well selected Library of agricultural books, is an important 
part of a State Department of Agriculture. An office for the At- 
torney General of the State without a suitable law library, would 
be deficient in an essential part of its equipment, and yet it is no 
more necessary for the proper performance of his duties, than is a 
library of reference for the Secretary of Agriculture and his Di- 
vision officers. They are continually called upon for information 
upon important scientific and practical questions, and ought to 
have at hand the latest and best authorities upon these subjects. 
to which to refer. The scope of the Department is so wide, and the 
questions that come so important, that no ordinary library of refer- 
ence will be adequate for its use. 
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A large and carefully selected set of books should be, at once, se 
cured for Department use. Such a library would also be valuable 
_as a place of reference for citizens of the State, who wish to learn 
what is known upon a particular subject relating to agriculture, ia 
which they are interested. Editors, teachers, essayists and prac- 
tical farmers, all need access, at times, to such a library. A few 
thousand dollars invested in this way will be very well expended, 
and ought to be appropriated by the coming Legislature without 
further delay. All of the more progressive States have such li- 
braries as part of their equipment, and the National Department 
of Agriculture at Washington has one of the largest and best in the 
country. Pennsylvania should not be behind her sister States in 
this respect, but should at once take measures to supply this need. 


MUSEUM. 


The need for a Museum, representing the agriculture of this State, 
has been presented by the Secretary, each year, in his last three 
annual reports. This necessity has been emphasized by the cccur- 
rence of several important Expositions, at which the interests of 
Pennsylvania agriculture were hardly noticed, owing to the fact 
that the State had no museum, or exhibit, upon which to draw. It 
is impracticable to collect the material, for a creditable display of 
the agricultural products of the State, in a single year. 

The principles that should govern in the collection and prepara- 
tion of a proper exhibit, or museum for agriculture, were set forth 
in detail in my last annual report, and inasmuch as the statement 
therein made, embodies my views, I take the liberty of quoting it 
in full. 

“A modern Museum in agriculture, should not be a place for the 
mere piling up of material in order to fill space. It should be educa- 
tional in its purpose rather than spectacular. To multiply bushels of 
grain or tons of vegetables, or devote time to the arranging of sheaves 
in fantastic forms, has no educational value. Any well conducted 
city market will show all this any day of the year. A great State De- 
partment of Agriculture, cannot afford to appear before an intelli- 
gent and discriminating public with the common-place, every-day pro- 
ductions familiar to every country child, but must make use of the 
advanced scientific knowledge of agriculture which exists, and ex- 
hibit the results of the application of this knowledge, in the pro- 
ducing.of crops. An exhibition of wheat, for instance, should show 
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the plant in its stages of growth. The grain, the flower, the roots, 
the bran, the dust. ‘There should be shown the starch, the gluten, 
the oil, the chemical constitution as affected by fertilizers, soil, 
moisture, sunshine; should show the soil and its constitu-— 
tion, the insects that atfect the plant, the fungus diseases 
that attack it, the yield, the fertilizers adapted to its growth, 
together with an account of the rainfall which it received, the tem- 
perature during the period of growth, and all of the facts that had 
any influence in the production of the crop. Such an exhibition be- 
comes a study, and is worth the time and attention of any man who 
is interested in knowing the best way to cultivate or manufacture 
this cereal. 

An exhibit at any great fair, to be at all in keeping with 
the dignity of the State, should be arranged in Divisions, each in 
charge of a scientific expert, to prepare, and afterwards to oversee, 
while on exhibition. A Division of Cereals, one of Forage Crops, one 
of Live Stock, one on Dairy Products, others on Soils, Fruits and 
Fruit Husbandry, Vegetables, Flowers and Foliage Plants, Insects, 
Fertilizers, Poultry, Tobacco, Bacteria, Statistics. Such an exhibit 
properly prepared, arranged and* explained, would be worth more 
to the farming public, than all of the train loads of products usually 
heaped up in agricultural buildings, at these great fairs. By having 
such an exhibit, placed in portable cases, it could be preserved from 
year to year and serve to interest and instruct agricultural people 
for a generation to come, and always be available for shipment to 
any part of the country where its presence is desired.” 


If the State is to be represented in its agriculture at the St. Louis 
Exposition, at least $25,000 should be appropriated to the Depart- 
ment of Agriculture, and the work of arranging for the exhibit, be 
begun at once. After the Exposition, such of the exhibit as is not 
perishable, could be returned to the Department, and be deposited 
in its museum ready for use for a similar purpose, in any future calls 
upon the State for a display of her products. Portions of the exhibit 
could be used, in representing the State at the several county fairs, 
in the manner suggested in another part of this report, under the 
head of county fairs. 

In arranging for space in the new Capitol building for the De- 
partment of Agriculture, a large room is set aside for an Agricultural 
Museum. If, therefore, the appropriation were made this winter, 
and the work begun, the State would be creditably represented at 
the St. Louis Exposition, and at its close the room referred to would 
be all ready to receive the exhibit, to preserve it for the use of our 
citizens at home. 
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GOOD ROADS. 


The absence of good public roads in Pennsyivania is the greatest 
obstacle now existing in the way of rural improvement. Ease of 
accessibility has become a necessity. Population will not even con- 
sider the question of locating in a district that cannot be readily 
reached from the cities and towns, and those living in a district 
which is shut out of communication with the world, will leave it as 
soon as opportunity offers. On the other hand, the fact that a com- 
munity is furnished with rapid and reliable means of communica- 
tion, invites the best and most progressive people to purchase homes 
there, and thus there is not only checked the flow of population to 
the cities, which has set in to an alarming degree, but it will in- 
crease country population, and do this by selecting the choicest citi- 
zens from the cities and towns of the State, so that the country 
will again become the abode of the culture and refinement of the 
land. 

The difficultye in the way of securing these conditions is 
not that the country people do not appreciate good roads, or that 
they fail to see the great advantage which they will be to agricul- 
ture and rural life, but they have feared that the great expense which 
the construction and maintenance of good roads entail, will fall 
wholly upon them. If, however, the State will assume at least part 
of this burden, and ensure that no increase of tax shall be imposed 
upon farming people, there will not only be no opposition to the im- 
provement of our roads, but such improvement will be gladly wel- 
comed. . 


CITIES AND TOWNS BENEFITTED. 


The delay in making an appropriation for this purpose by the 
State, has been largely due to a misconception of the purpose for 
which public roads are laid out. Many have felt that these roads 
were exclusively for the benefit of the residents who live along them, 
and that, therefore, their construction and maintenance should fall 
upon these residents wholly, and all other citizens of the State 
be exempt from tax for their support. This view would have some 
degree of applicability if the same conditions existed now, as existed 
in the year 1800, when only a little over ten per cent. of the people 
of the State lived in the cities and incorporated towns, and ninety 
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per cent. lived in the country. Now, however, over fifty-six per cent. 
of our people live in the towns and cities and only forty-four per 
cent. in the country. This fifty-six per cent. are as much affected 
by the system of public roads in the country, in their capacity as 
distributing and collecting agencies for commerce, as are the country 
people who are located immediately along them. The cost of sub- 
sistence in the cities and towns is affected directly by the cost of 
transportation, and the cost of transportation is regulated, by the 
conditions that exist on the lines over which the goods must be car- 
ried. The cities depend wholly for supplies upon the transportation 
lines, not simply upon the great railroads and river boats, but upoa 
the farm wagon and the country road. If these last are blocked, 
internal commerce in agricultural products soon must cease, and if 
they are so affected that only one-half of the normal tonnage can be 
transported, the cities feel the effect, and prices are correspondingly 
increased. Good roads, all through the country, ensure a constant 
and even supply of produce to the cities and towns during the entire 
year. 


STEAM TRANSPORTATION COMPANIES BENEFITTED. 


The railway and steamboat lines are also deeply interested in the 
improvement of the country roads, for reasons equally forcible and 
direct. They depend almost entirely upon produce collected at their 
stations, for their tonnage. If country roads are solid and in good 
repair, this supply is not affected by the climatic conditions which 
now seriously interrupt it. If good roads exist, communities, as 
has been stated, will increase in population, and as a consequence 
travel and production will likewise increase, and the surplus pro- 
duce will go over the transportation lines to market. Since it is 
this local traffic that pays the best, its increase means the enrich- 
ment of these companies, directly due to the introduction of better 
public roads. AIl of the business interests of the State whether in 
city, town or country are interested, according to their investment, in 
seeing that better transportation facilities are provided for the 
country districts, to which they distribute their goods, and from 
which they draw their supplies. 

The following States have recognized the duty of their government 
to appropriate money in aid of the improvement of their public 
roads: New York, New Jersey, Massachusetts, Connecticut, Maine 
and Vermont. Highway commissions are established in North 
Carolina, Michigan and Rhode Island. Constitutional amendments 
have been prepared providing for State aid in Minnesota, Wisconsin 
and California. 

, Pennsylvania is sadly behind these States in this respect. Her 
system of road supervision is unworthy of the Twentieth century. 
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A business that requires the best judgment, experience, and knowl- 
edge, to properly perform,is handed over to men,many of whom never 
even saw a good road, much less made one. Ignorance and incom- 
petence are the rule. A law was passed by the Legislature of 1897 
which would have remedied this, and given each district the oppor- 
tunity of engaging in its service, for road construction, the best 
men which the community possessed. Unfortunately the bill was 
handicapped by a provision which required one million dollars to 
be first appropriated for road purposes before it could go into effect. 
The expense entailed in the erection of a Capitol building and 
the insufficient amount of State revenue for the purpose, prevented 
the making of the bill operative by the Legislatures which have 
since convened. The State is now in good financial condition, and 
there would seem to be no sufficient reason why this appropriation 
should be longer deferred. . 

The Act of 18987 provides for the election of three supervisors in 
each township to constitute a board. The election is for three years, 
one member going out of office each year and one new member being 
elected, thus forming a continuous board which is perpetual, and 
can be held responsible for any money which the State may see fit 
io place at its disposal. This board appoints road masters, who 
have charge of the work upon the highways, and are responsible to 
the road supervisors for the proper performance of their duty. The 
board is required to meet once each menth, and for this each member 
is to be paid the sum of one dollar and a half for each meeting. The 
total expense of the board for its services for the year, is, therefore, 
fifty-four dollars. These supervisors plan the work and fix the tax; 
one-half of the tax is a work tax and the other half may be collected 
in money, if the board should so elect. Any business or professional 
man, therefore, can be road supervisor, not being excluded by the 
exacting conditions of our present system, which requires the super- 
visor to actually oversee the men at work. This supervisor-law 
does not take the control of the roads out of the hands of the com- 
munity, but simply organizes boards which are responsible and con- 
tinuous. 

The appropriation of one million dollars for road purposes, or the 
repeal of the section requiring it, will carry the act into effect, and 
greatly assist in securing good roads for all of the districis in the 
State. 


CONVICT LABOR ON ROADS. 


Road construction by the employment of able-bodied prisoners con- 
victed of crimes, and under sentence for short terms not exceeding 
ten years, has been successfully tried in twelve of the southern 
States and, to some extent, in California. The practice is, for the 
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courts to sentence such offenders to work on the publie roads. The 
convicts are worked in squads of eight or ten men each, and are 
housed in a large steel van furnished with proper sleeping bunks and 
boarding facilities, and which may be hauled from place to place as 
occasion demands. If any seem disposed to be troublesome, and at- 
tempt to escape, they are prevented by the use of the ball and chain 
in day time, and by loosely fitting chain attached to hand or foot, 
and to a staple or rod at night. 

Two sections of the North Carolina law, which is typical of the 
others, are given as showing the methods pursued in sentencing 
criminals to work upon the roads and the manner of securing their 
services by the township or city authorities who wish to employ them. 
The sections are as follows: 

“Section 8. That prisoners confined in the county jail, under a final 
sentence of the Court for Crime, or imprisoned for non-payment of 
costs or fines, or under final judgment in cases of bastardy, or under 
vagrant acts, all insolvents who shall be imprisoned by any court in 
said county for non-payment of costs, and all persons who would 
otherwise be sentenced in said county to the State Prison for a term 
of less than ten years, shall be worked on the public roads of the 
county: Provided, That in case the number of such persons in any 
county, at any time, be less than ten, the Commissioner of the county 
may arrange with the Commissioners of any neighboring county or 
counties for such exchange of prisoners, during alternate months or 
years, as will enable each such co-operating county to thereby in- 
crease the number of prisoners at work on the public road at any 
given time. And upon application of the said road superintendent 
of the county, or that of the chairman of the Board of County Com- 
minissioners, the Judge of the Superior Court, or the Judge of the 
Criminal Court, the Justices of the Peace and the principal officer 
of any municipal or any other inferior court, it shall be the duty of 
the said Judge, or justice of the peace, or said principal officer, to 
assign such persons convicted in his court to said road superintend 
ent or road supervisor in any township making provision for the 
same, for work on the public roads of said county or township; all 
such convicts to be fed, clothed, and otherwise cared for at the ex- 
pense of the county or township, as the case may be: Provided fur- 
ther, That in case of serious physical disability, certified by the 
county physician, persons convicted in said Superior, Criminal, or in- 
ferior court, may be sentenced to the penitentiary or the county jail. 

“Section 9. That when the Commissioners of any county shall have 
made provisions for the expense of supporting and guarding, while 
at work on the public roads of the county, or any township thereof, 
a larger number of prisoners than can be supplied from that county, 
upon application of Commissioners of said county, to the Judges of 
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the Superier and Criminal Courts, the justices of the peace and the 
principal officers of any municipal or other inferior court presiding 
in any other county or counties, which do not otherwise provide for 
the working of their own convicts upon their own public roads, 
shall sentence such able-bodied male prisoners as are described in 
Section 8 of this act, from such other counties to work on the public 
roads of said county, or townships applying for the same, in order of 
their application, and the cost of transporting, guarding, and main: 
taining such prisoners as may be sent to any such county or town 
ship applying for the same, shall be paid by the county or township 
applying for and receiving them, out of the road fund of each such 
county or township: Provided, That any and all such prisoners from 
such other counties may at any time be returned to the keeper of the 
common jail of such counties at the expense of the county or town- 
ship having received and used them.” 


CONVICT LABOR LAW IN PENNSYLVANIA. 


In Pennsylvania we have a law, passed at the session of 1899, and 
amended at the session of 1901, which gives authority to prison 
boards to require able bodied male prisoners to work on the public 
roads within the limits of the county in which the prison is located. 
This act should be amended so as to require such boards, to employ 
their prisoners in this service, and also provide for the procuring of 
prisoners for this purpose from other counties, when it is found desi- 
rable to do so. The same act could make it possible for the super- 
intendents of our penitentiaries to apportion short term prisoners 
to the several counties, for road construction, and thus partly relieve 
the State of the burden of the expense of their food and clothing 
and at the same time assist the public in securing a much-needed im- 
provement, without interfering with any of the rights of paid labor. 


COST OF CONVICT LABOR. 
The following table, showing the cost of labor per convict per day. 
in road work, is taken from the report of the National Department 
of Agriculture for 1901: 


Cost per day. 
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These figures show, that the cost of convict labor in these States, is 
quite moderate, and experience shows that the amount of labor 
which they perform, is equal to that of the best hired service. These 
men are young, strong and active, and experience in penal institu- 
tions, is such as to show ,that most of the healthy prisoners would 
much sooner work than live idly in confinement. 

The inmates of the penal institutions of the State of Pennsylvania 
in 1891, as reported by the State Board of Charities, numbered 8,189. 
They were distributed as follows: 
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The cost of maintaining these convicts is given by the Board of 
Fs) e : 
Charities as follows: 
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Three-fourths of the male prisoners could well be employed upon 
the construction of highways for the Commonwealth, thereby reliev- 
ing taxation and rendering beneficial service to the State. 
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CATTLE-FOOD CONTROL. 


The work of the sampling and analysis of cattle-feeds, under the 
act of the Legislature of 1901, was begun this year, and the results 
are now ready for publication. 

That part of the act regulating the work of the Department and 
prescribing the branding and analysis required, is printed in this 
report for information and is as follows: 


“Section 1. Be it enacted, &c., That every lot or parcel of any con- 
centrated commercial feeding stuff, as defined in section two of this 
act, used for feeding domestic animals, sold, offered or exposed for 
sale within this State, shall have affixed thereto, in a conspicuous 
place on the outside thereof, a legible and plainly printed state- 
ment clearly and truly certifying the number of net pounds of feed- 
ing stuff contained therein; the name, brand or trade mark under 
which the article is sold; the name and address of the manufacturer 
or importer, and a statement of the percentage it contains of crude 
fat and of crude protein, both constituents to be determined by the 
methods adopted at the time by the Association of Official Agricul- 
tural Chemists of the United States. Whenever any concentrated 
commercial feeding stuff is sold at retail, in bulk, or in sacks belong- 
ing to the purchaser, the agent or dealer, upon request of the pur- 
chaser, shall furnish to him the certified statement named in this 
section, 

“Section 2. The term ‘concentrated commercial feeding stuffs,’ as 
used in this act, shall include linseed meals, cottonseed meals, glu- 
ten meals, maize feeds, starch feeds, sugar feeds, dried brewers’ 
grains, malt sprouts, hominy foods, cerealine feeds, rice meals, 
ground beef or fish scraps, and all other materials of similar nature, 
but shall not include hays and straws, the grinding together of pure 
whole grains, nor the unmixed meals made directly from the entire 
grains of wheat, rye, barley, oats, Indian corn, buckwheat, or broom 
corn; neither shall it include wheat, rye or buckwheat bran, or mid- 
dlings not mixed with other substances, and sold separately as 
distinct articles of commerce. 

“Section 3. No foreign mineral substance, nor substance injurious 
to the health of domestic animals, shall be mixed with any feeding 
stuff sold, or offered, or exposed for sale in this State. 

“Section 4. Each and every manufacturer, importer, agent or seller 
of any concentrated feeding stuff shall, upon request, file in the office 
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of the Secretary of Agriculture a certified copy of the statement 
named in section one of this act. 

“Section 5. Each and every manufacturer, importer, agent or per- 
son, selling, offering or exposing for sale in this State any concen- 
trated commercial feeding stuff, as defined in section two of this act, 
without the statement required by section one of this act; or affix- 
ing a statement or guarantee which is false in any particular, or in 
relation to which the provisions of all of the foregoing sections have 
not been fully complied with, shall, for every such offense, forfeit 
and pay the sum of one hundred dollars, which shall be recoverable 
with costs, including the expenses ef analysis, by any person suing 
in the name of the Commonwealth, as debts of like amount are by 
law recoverable: Provided, That the Secretary of Agriculture shall, 
together with his deputies, agents and assistants, be charged with 
the enforcement of this act, and shall have full access to all places 
of business, mills, buildings, carriages, cars, vessels and packages, 
of whatsoever kind, used in the manufacture, importation or sale 
of any concentrated commercial feeding stuff; and shall also have 
power and authority to open any package containing or supposed 
to contain any concentrated commercial feeding stuff, and take there- 
from samples for analysis, upon tendering the value of said sample; 
and whenever requested, said samples shall be taken in the presence 
of the party or parties interested or their representative, shall be 
thoroughly mixed and then divided into two samples and put in glass 
vessels and carefully sealed, and a label placed upon each vessel 
stating the name or brand of the feeding stuff or material sampled, 
the name of the manufacturer when possible, the name of the party 
from whose stock the sample was taken, and the time and the place 
of taking, said labels to be signed by the Secretary of Agriculture 
or his agent, and by the party or parties interested or their repre- 
sentative, if present, at the taking of the samples. One of said 
duplicate samples shall be retained by the Secretary of Agriculture 
yr his agent, and the other by the party whose stock was sampled.” 


SAMPLES COLLECTED AND ANALYZED. 


There were collected during the year 1902, under the provisions 
of this act, two hundred and sixty-three samples of cattle-foods. 
The samples collected, represented the following general classes 
of feeds: 
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No. 
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The samples taken represented 152 manufacturers and jobbers. 
There were 237 brands, taken at 124 places, and from 200 different 
dealers. 

The samples were placed by the sampling agent in glass bottles 
provided with metallic screw caps, and containing a cork pad which 
fitted close to the top of the bottle, and were then sealed up in a 
carton and transmitted by express to the chemist. The analyses 
and examinations were made by Dr. Wm. Frear, Vice Director and 
Chemist of the State Experiment Station, and involved a large 
amount of painstaking labor. The determination of the character 
of the several grains, and adulterants used in feeds, is, of necessity, 
made by the use of the microscope, and requires accurate knowledge 
and familiarity with the forms of the several kinds of starch gran- 
ules and fibre cells, of which these several substances are composed. 

The time required for the careful examination of over two hun- 
dred samples, is very considerable. The approximate determination 
v1 the amount of the adulterants present, requires careful observa- 
tion, and likewise consumes a large amount of the investigator’s 
time. The work, therefore, is such as will necessarily, cause delay 
in securing results for publication, even after the samples are taken 
and placed in the chemist’s hands. 
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SUMMARY OF RESULTS OF EXAMINATIONS. 


The results of the examinations are summed up by the chemist, 
Dr. Frear, as follows: 

1. “There is a considerable proportion of cottonseed meal selling 
under the grade ‘prime’ that is too dark to be admitted to this clas- 
sification. 

2. “Flaxseed meal is being sold under the same name, whether 
the fat has been removed or not. 

3. “The term, ‘oat feed,’ is applied both to oat hulls, and to mix- 
tures of the hull with chopped oats, but no oat feed examined, has 
the proportion of kernel found in the entire grain. 

4. “A very large proportion of oat hulls appears in mixtures sold 
under the general names of chop, mixed feed, etc.; there is, in such 
case, no technical misrepresentation; nevertheless, in the absence 
of a statement of composition as required by law, the consumer is 
buying -a very large volume of inferior feed, without due notice. 
This substitution of oat hulls for oats, appears also in feeds sold 
under names indicating that the materials are made by mixing the 
entire grains. 

5. “Cob meal has been found as an adulterant of wheat feed. 

6. “Many of the feeds contain many weed seeds, sometimes in a 
whole condition; buyers should be watchful against such materials. 

7. “There is not only a very general failure to comply with the 
legal requirements as to guaranty—which will doubtless be remedied 
as the trade becomes better acquainted with these requirements and 
more fully aware of the advantage which such guaranty eventually 
gives to all honest dealers; but there is a too general failure to 
meet the guaranty given. This is doubtless to be explained in part 
by the lack of careful chemical control over the mixing operations; 
but the deficiencies occur in too large a proportion of the cases, to 
admit this explanation for all the observed instances.” 


During the past year our agent was frequently met by millers 
or dealers as he asked for a sample, with the remark, that “this was 
the first knowledge they had of the existence of such a law.” They, 
however, as a rule, have expressed their approval of its provisions, 
and have agreed to so brand their goods in the future, as to com- 
ply with its requirements. 

The value of the law, in protecting purchasers of cattle foods 
against adulteration, cannot be estimated, but that it will be very 
great, is clear, from the fact, that, previous to its enactment, our 
State had become the dumping ground for all sorts of adulterated’ 
feeds, whilst now, with a single year’s effort in the enforcement of 
the law, the majority of the feeds have been brought up to the stand- 
ard guaranteed. 
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AGRICULTURAL EDUCATION. 


It is not to be expected that the time will ever come, when every 
farmer will be a graduate of a College of Agriculture, or that ever a 
majority can be so educated. The time, however, ought to come, and 
come soon, when every farmer’s child will have opportunity for 
obtaining a knowledge of the elements of the natural sciences which 
relate to the farmer’s life and occupation. 

All that is needed, is to planta graded school in each district, 
equipped with proper teachers and appropriate apparatus, to ac 
complish this result. The old single-teacher-district-school is no 
longer competent to give the amount and variety of instruction 
needed by country children. The teacher who, with the present lim- 
ited curriculum, is obliged to hear twenty-seven classes each day— 
which is the average for the country teacher in Pennsylvania—caa- 
not be further burdened with additional work, no matter how im- 
portant, or how urgently needed, such additional instruction may 
possibly be. The country teacher has reached his limit of physical 
endurance, and the imposition of further work must result in the 
slighting of present studies, which even now, owing to the conditions 
named, are inadequately taught. 

Give the country teacher the same chance in the number of classes 
which he shall hear, that his city cousin has, and his scholars the 
same opportunity for gaining knowledge that the city childrea 
now enjoy, and there soon will be such an impetus given to country 
living and its occupations, as will revolutionize agriculture, and 
speedily stop the flow of her best blood away from the farms, to be, 
alas, too often corrupted and lost, in the great putrid sea of city life. 


THE COMMITTEE OF TWELVE. 


At a meeting in Denver, Colorado, in 1895, the National Council 
of Education, appointed, what has now become known and famous, 
as the “Committee of Twelve on Rural Schools.” This committee, 
composed of Henry Sabin, D. L. Kihle, A. B. Poland, C. C. Rounds, 
J. H. Phillips, B. A. Hinsdale, S. T. Black, W. S. Sutton, L. E. 
Wolfe, W. T. Harris, L. B. Evans and C. R. Skinner, leading educa- 
tors in the United States, after a very exhaustive examination of 
the whole subject of education under country conditions, reported 
to the association, in a volume of over two hundred pages, the results 
of their inquiry and the conclusions reached. 

The learned character of this committee gives its recommenda- 
tions a value, greater than those of any other authority in this 
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country. I therefore quote some of their conclusions, relating to 
rural schools, and the methods which should be adopted for their 
improvement, 

The report states that “About one-half of all of the teachers 
in the United States, teach what are called Ungraded Schools. 
They receive in one room, pupils of all ages and all degrees of 
advancement, from A B C’s upward, sometimes even to algebra 
and latin. Im extreme cases, each pupil is a class by himself 
in all branches except, perhaps, reading, writing and spelling.” 
» * * “It happens that ungraded rural schools with very small 
attendance are to be found even in the most thickly populated States 
and often in proximity to cities.” “New York in 1894-5 reported 
2,983 schools with fewer than ten pupils each, and 7,529 with 
less than twenty.” * * * “A school with ten pupils, of ages from 
five to fifteen years, of different degrees of advancement, some be- 
ginning to learn their letters, others advanced from one to eight 
or nine years in the course of study, cannot be graded or classified 
to advantage, but must for the most part be taught individually. 
The beginner who does not know a letter, should not be placed in 
a class with another who began last year and can now read lessons 
in the middle of the primer. It will not do to place in the same class, 
a boy beginning numeration, and another one who has already 
mastered the multiplication table. The beginner in grammar has 
not yet learned the technique, and is confused and discouraged by 
the instruction given to another pupil in his class who has already 
learned the declensions and conjugations. Any attempt, in short, 
to instruct two or more pupils in a class, when there is a difference 
of a year’s work in their advancement, results in humiliating and 
discouraging the less advanced, and in making the maturer pupils 
conceited.” * * * “The teacher, even after forming classes in 
writing, reading, and spelling, has twelve to fifteen lessons to hear 
in a forenoon, and nearly as many more for the afternoon. There 
is an average of less than ten minutes for each recitation.” * * * 
“The teacher cannot probe the pupil’s knowledge in five minutes 
and correct his bad habits of study, nor in ten minutes. In the 
necessarily brief recitations of the ungraded school, there is barely 
times to test the pupil’s mastery of the external details of the 
lesson, the mere facts and technical words. It is for this reason, 
especially, that the rural school has been the parent of poor meth- 
ods of instruction—of parrot memorizing, and of learning words, 
instead of things.) * 9) >.* 


THE IDEAL CLASSIFIED SCHOOL. 


“In the ideal classified school, the teacher has two classes of 
pupils, each class containing within it, pupils substantially at 
the same stage of advancement. The pupils of a given class 
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recite together in all their branches, and the teacher has a hasf 
hour for a lesson, and can go into the dynamics or casual rela- 
tions of the facts and events treated.” * * * ‘The ideal clas- 
sified school can teach, and does teach, proper methods of study; 
the rural school cannot do this effectively in its five or ten minute 
recitations. It is because of this, that wise directors of education 
have desired the consolidation of small schools into large schools, 
wherever practicable. Two schools of ten each, furnish on an aver- 
age one-half as many recitations, if united, as they do when separaie, 
owing to the possibility of pairing, or classifying pupils of the same 
degree of advancement. Ten such schools united into one will 
give 100 pupils, with a possibility of classes of ten each, which can 
be more effectively taught than before, because the pupil can learn 
more in a ciass than by himself.” “Again it is evident that five 
teachers can teach the 100 pupils united in one school, far better 
than the ten teachers were able to teach them in ten separate 
schools. If still further consolidation were possible, and 400 pupils 
were united in one school, the classification might be improved to 
such a degree that a teacher could easily take charge of two classes 
of twenty pupils, and ten teachers could do far better work for each 
pupil, than was done by the forty teachers in the forty small rural 
schools, before consolidation. Herein economy becomes a great item 
in what are called ‘Union Schools.’ ” 


THE TRANSPORTATION OF CHILDREN. 


The committee in discussittg the question of the transportation 
of chiJdren to central schools says: “The collection of pupils into 
larger units than the district school furnishes, may be accomplished 
under favorable circumstances by transporting at State or local 
expense, all of the pupils of the small rural districts to a central 
graded school, and abolishing the small ungraded school. This is 
the radical and effective measure which is to do great good in many 
sections of each State. As shown already, Massachusetts, in which 
the plan began, paid in 1894-5 the sum of $76,608 for the transpor- 
tation of children from small rural schools to central graded schools 
—213 towns (townships) out of a total of 353 towns (townships) and 
cities, using this plan to a greater or less extent, and secured the 
two-fold result of economy in money, and the substitution of graded 
for ungraded schools. The spread of this plan to Maine, Vermont, 
New Hampshire, Connecticut, Rhode Island, New Jersey, Ohio and 
some other States demonstrates its practicability. Experiments 
with this plan have already suggested improvements, as in the 
Kingsville experiment in Ohio, where the transportation reached in 
all caseg the homes of the pupils and yet reduced the cost of tuition 
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from $22.75 to $12.25 for each of the fifty pupils, brought to the cen- 
tral school from the outlying districts.” The committee in its sum- 
mary says: “One of the great hindrances to the improvement of 
the rural school, lies in its isolation, and its inability to furnish to 
the pupil that stimulative influence which comes from contact with 
others ef his own age and advancement. The committee therefore 
recommends collecting pupils from small schools into larger, and 
paying from the public funds for their transportation, believing that 
in this way better teachers can be provided, more rational methods 
of instruction adopted, and at the same time the expense of the 
schools can be materially lessened.” 


These are some of the conclusions of this eminent committee, 
whose report was read before, and accepted by, the National Edu- 
cational Association of the United States. 

Two years ago this Department sent a qualified expert, to make 
‘investigation into the working of the system of the consolidation of 
schools and the transportation of scholars, where it had been thor- 
oughly tried, and his report, giving the conditions under which 
these centralized schools were operated, and the service they are 
rendering, shows that they are not only much more efficient from 
the educational standpoint, which is of course the great purpose 
in the establishment of any school, but are at the same time more 
economical in expenditure than the isolated school. 

Mr. A. B. Graham, township superintendent, Springfield, O., writes 
that in his State “nearly forty townships are to-day solving the 
country school problem by centralization, and the formation of 
eraded schools.” He states that in “such a school the township 
becomes a stronger unit for local government, than it can become 
under a system of isolated schools. <A boy or girl grows up a mem- 
ber of the society of the township, instead of an acquaintance of a 
few families.” Dr. A. C. True, Director of the Office of Experiment 
Stations, writes in the report of the Department of Agriculture for 
1901, “The movement for the consolidation of small schools, has 
already been in progress long enough to have demonstrated, that 
when properly managed, it will produce excellent results; that in 
eighteen States, transportation of pupils at public expense, is already 
permitted by law.” 


CENTRALIZATION OF RURAL SCHOOLS IN PENNSYLVANIA. 


Pennsylvania, I am glad to be able to say, has enacted such a law. 
It now remains for those who are interested to call attention to its 
importance, and to strive to carry its provisions into effect. Some 
progress las been made, although the act is not yet two years in 
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force. Several townships have taken initiatory steps in the direc- 
tion authorized by the law, and two or three others have adopted 
the system and are now transporting the scholars to their central 
schools. North Shenango township, Crawford county, and Herrick 
township, Susquehanna county, are now solying this problem in 
Pennsylvania. 


The county superintendents in thirteen counties in Pennsylvania, 
in their reports to the State Superintendent of Public Instruction 
in 1901, called attention to the consolidation, as being the solution 
of the rural school problem. Inasmuch as the progress of this 
movement is fairly indicated by these reports, I quote from them 
for information: — 


Prof. T. H. Morrison, Superintendent of the Erie County schools, 
says: “There is a greater sentiment in favor of the consolidation 
of our rural schools, and the establishment of the township high 
school in a good many districts. In Springfield, Elkcreek and Mill- 
creek, schools are closed on account of small attendance, and the 
pupils are transported by means of vans to a central school. This 
centralization of schools is a great improvement over the old system. 
Some of the advantages are: The percentage of attendance is very 
~ much increased; there is less sickness; no tardiness among trans- 
ported pupils; a much larger percentage of children enrolled; better 
teachers employed; principals are employed to supervise; more in- 
terest and enthusiasm on the part of both pupil and teacher; it costs 
very much less, and the children have the advantage of a higher edu- 
cation.” 


Prof. Eli M. Rapp, Superintendent of Berks County schools, states 
as follows: “There are certainly forces at work in society, which will 
ultimately rescue the rural school from its present low state. The 
increased demands for better roads, for rural postal delivery, for 
cheaper telephone and telegraph rates, for school consolidation and 
transportation, for township high schools, will eventually bring the 
country school out into the full light of a brighter day.” 


In speaking of the recent appropriation for the establishment of 
township high schools, Prof. T. L. Gibson, County Superintendent 
of Cambria county, makes the following statement: “In this con- 
nection, we believe it to be in place to quote from the principles 
expressed by the National Educational Association, at the meeting 
in Detroit a few days ago. In its ‘Declaration of Principles,’ one 
reads thus: ‘The National Educational Association watches, with 
deep interest, the solution of the problem of consolidating rural 
schools, and the transporting of children at public expense, now at- 
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tempted in many of our leading States. We believe that this move- 
ment will lead to the establishment of the country high school, and 
thus bring more advanced education to rural communities. We also 
believe that supplementary State support with rural high schools 
is in the highest interest of the entire State. This is the expression 
not of a body of educators in a single State, but of a National body, 
and the latest educational legislation ‘in Pennsylvania, is in ac- 
cordance with this principle.” 


The Superintendent of Bradford county, Prof. H. S. Putnam, in 
his report, says: “The problem that confronts the schools in the 
country districts, and which seems difficult of solution, is the fact 
that the population is so changed, that there are hardly pupils 
enough to warrant the continuance of many of the schools. In one 
district there were four schools, with a total enrollment of thirty- 
eight, while in another school, in the same district, there was an 
enrollment of forty-five. Many schools have only four or five pupils, 
and as much money is expended for the maintenance of these smaller 
schools as for the larger ones. It seems that there is only one 
way to do, that is to establish a central school and transport 
the pupils from the smaller schools to the larger ones.” 


Prof. W. R. Longstreet, Superintendent of Tioga county, reports: 
“The question of the centralization of rural schools is a live ques- 
tion in many districts of this county. Public sentiment is growing 
in that direction. Two or three districts at least are about ready 
to make the experiment. This question was readily entertained 
by some, on the ground that it would be cheaper in the sense of 
requiring less taxation, but more deliberation and investigation. 
has convinced them, that the economy of the scheme will not be 
in less expenditure of the public funds, but in greater and better 
advantages that would be given to the youth of the district, and 
I am very sure that with only the latter purpose in mind, can the 
plan ever be made a real success.” 


Superintendent Miller, of Columbia county, states, in speaking 
of the town schools: “But is it right that our town schools shall 
gain strength at the expense of the country? While we are heartily 
in favor of a centralized system of rural schools, at the same time 
we are fully impressed with the opinion, that the time is not yet 
for the complete realization of our dreams.” 


Superintendent Sweeney, of Elk county, reports: “That during the 
year many graded school buildings were erected throughout the 
county, and at present all districts have one or more graded schools, 
where children have an opportunity to thoroughly master the common 
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school course, and also gain a fair knowledge of some of the higher 
branches of study. Over 80 per cent. of the pupils of the county 
attend graded schools, and the next year will show a material in 
crease in the number, as there is a growing spirit favorable to cen- 
tralization in all our districts.” 


Prof. J. S. Fruit, Superintendent of Schools of Mercer county, 
states: “I think that township centralization of schools will solve 
two great problems for the rural school. The present inability to 
maintain anything like a course of study for the ungraded common 
school, and for the close relations between the now isolated rural 
teacher and the county superintendent. In my county, where I am 
required now to make over 200 calls in the thirty-one townships, 
were they centralized, I could make at least 600. Hasten the day 
when we have centralized township schools.” 


Prof. Horace L. Walter, Superintendent of Monroe county 
schools, reports: “We believe that better results might be obtained 
in the matter of school work by consolidating, and establishing 
graded schools in the several parts of the county. There are districts 
:n which this could be done with but little inconvenience to the 
children, and when once established, with less expense to the dis- 
trict. When a large number of scholars of all grades are gathered 
together, the best work can be done. The teacher knows it, and 
the scholars also understand that they do not receive the attention 
to which they are entitled. Very often they lose interest in the 
work, and drop out of school at the first opportunity.” 


Superintendent Hoffecker, of Montgomery county, reports: “The 
schools need closer supervision, and the school sentiment is ready 
for it. The best provision that could be made, would be the 
establishment of centralized high schools, with transportation for 
pupils. The cost of transporting could be saved in the fewer number 
of schools. The children from remote parts of a district would enjoy 
the same privileges as the children in a village, and all would have 
the benefits derived from a skilled teaching force.” 


Superintendent Apple, of Northumberland county, reports: “It is 
the universal opinion of more thoughtful people, that the law provid- 
ing for the centralization of rural schools, and the establishment of 
high schools, is as far reaching a step in the school system of Penn. 
sylvania, as has been taken since the system itself was adopted.” 


Prof. Chas. E. Moxley, of Susquehanna county, states: “Far from 
me to cast any reflection on the work of the rural school as it has 
existed for now nearly half a century, but the conditions under 
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which they were organized have so changed, as to demand a read- 
justment of the old; not to destroy it, but to reorganize it; not to 
lessen its influence, but to increase it; not to narrow its work, but 
to broaden it; not to belittle its power, but to encourage it in ways 
it never before possessed. What, then, is the seeming solution of 
the problem? ‘To my mind, as well as to the minds of many friends 
who have given it serious thought, it is the consolidation of schools 
and the transporting of pupils at public expense. ‘There is no tramp- 
ing through snow and mud, and the attendance is greatly increased, 
und much more regular. The item of expense I pass over in this 
report, but no one, even the most critical, need hesitate to approve 
on account of the expense. We should not consider school ques- 
tions alone from the standpoint of expense. School work is not 
unlike other things; we cannot get something for nothing, but it 
can be proven to be a positive saving to the taxpayers, at the same 
time offer advantages to every rural school pupil, as good as those 
now enjoyed in towns or villages. If centralization is a good thing, 
we want it; if it is not, we want to know why it is not.” 


Prof. Gramley, Superintendent of the schools of Centre county, 
reports as follows: “The centralization of rural schools, which com- 
prehends township high schools and free transportation of pupils, 
is legalized. Let us try to create a sentiment in favor of both of 
these laws, and we will ultimately have better houses, more adequate 
school apparatus, increased attendance, fewer but better teachers 
with higher salaries, better grades, more effective supervision, and 
possibly an enlarged curriculum, yet a reduction in the total cost. 
If the principle of concentration is permissible in the business 
world, why not apply it to the rural school question?” 


These superintendents make these several reports, giving their 
estimate of consolidation, and unanimously endorse it. Surely the 
sentiment in favor of centralization of rural schools in Pennsylvania 
is growing, and needs only a little encouragement to rapidly spread 
over the entire State. 

The way is now open for the improvement of our rural schools, 
and it is incumbent upon all who believe in giving the country 
boy and girl a chance, to devote some time and effort to instruct- 
ing those who now are undecided what is best to do. Let the 
truth be faithfully and clearly stated, that there can be no material 
improvement of the country schools without consolidation, and that 
there can be no great advance made in our agriculture, until better 
rural schools are provided. 

The future farmer must have a knowledge of the science of agri- 
culture if he would succeed in the competition that has set in, 
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which means, that he must be educated in the sciences that underlie 
his art. This knowledge the great mass of farmers cannot secure, 
unless it is given in the public school, and it cannot be given there, 
for the reasons that have been stated, until the schools are graded, 
and more time is given to the teacher to do his work. One would 
suppose from the spirit of content that exists among those who have 
the management of our rural schools, that we had reached perfec- 
tion, and that there is nothing further to be desired or possible to 
be obtained. A visit to any well conducted city school will soon dis 
pel this illusion. They demonstrate, every day, that scholars can be 
fitted there for entrance to the freshman or sophomore class in any 
college in the land, and that this not only can be done, but is done, 
in the same time in which the country child is at work upon the rudi- 
ments of an education, in the ungraded country school. The one 
has full opportunity and advantages, the other has a most meagre 
apportionment of each. , 

The report of the Superintendent of Public Instruction for 
1901 shows that there are over ten thousand (10,348) ungraded 
schools in Pennsylvania. All of these, with few exceptions, are in 
the country. It is distressing to see these thousands upon thousands 
of country children, who ought to have, and could have, as fine an 
education as any in the land, denied the privilege, and forced to be 
content with the elementary training of an ungraded country school, 
or else leave their homes and incer the additional expense of tuition, 
board, and room, in some town or city, where the system of education 
is adapted to children’s needs. In the days of ignorance of better 
methods, this apathy was entitled to some excuse, but now, in these 
days of enlightenment, of progress and better knowledge of what is 
possible to be done, it is a crime to sit unmoved, when our groping 
children cry to us for light. 
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AGRICULTURAL ORGANIZATIONS. 


The number of these societies in the State was given in my last 
annual report, as was also a brief mention of the history and purpose 
of each. It is therefore unnecessary to repeat what has been pub- 
lished, and I now refer to them for the purpose of calling attention to 
their needs and their services to the State. They are all voluntary in 
their character, but their service is a public service which is greatly 
to the advantage of the agricultural industry of the country. 

The County Agricultural Societies, The State Agricultural Society, 
The State Board of Agriculture, The State Horticultural Associa- 
tion, The Dairy Union, The State Live Stock Breeders’ Association, 
and the State Poultry Association, have each contributed to the 
present prosperous condition of agriculture in Pennsylvania, by their 
intelligent and unselfish efforts in the several directions indicated 
by their respective names. The State ought to take a deeper inter- 
est in making these societies more useful and influential by appro- 
priations suitable to the needs of each. The Constitution of the 
State forbids the granting of appropriations directly to institutions 
of this character, not under State control, but it is perfectly lawful 
and proper, to grant an appropriation to the Department of Agricul- 
ture, to be used for the purpose of furthering the interests of any 
one or all of these institutions. ; 

Some of them at present need only enough to pay for the expense 
of the hall in which they meet, and the preparation and publication 
of their proceedings and reports. Others need a certain guarantee, 
to meet, to a limited extent, the cost for premiums offered for the 
encouragement of exhibitors, and to protect the officers of the society 
against personal loss in case their receipts are insufficient to pay 
the premiums. Payments by the State for this purpose, should be 
restricted to premiums on subjects which are approved by the Sec- 
retary of Agriculture, as being of a character calculated to promote 
the publie good. 

There is little danger to be apprehended from the granting of such 
an appropriation, for the character of the membership of these or- 
ganizations is such, as to guarantee, that the funds so granted, will 
be discreetly used, and not be misapplied. Full and detailed reports 
should be required of these societies ,and all bills should be approved 
by the Secretary of Agriculture before being paid. 
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COUNTY FAIR ASSOCIATIONS. 

Attention is especially called to the field of usefulness open to 
the fair associations in the several counties of the State. There 
are seventy-eight of these societies, with over 9,000 members; all 
publie spirited, active, intelligent men, and they reported last year 
an attendance of over one million of people. It is certainly of ex- 
ireme importance that these organizations shall use their efforts 
and their influence so as to be of the greatest possible usefulness to 
the agriculture of the Commonwealth. It is unfortunately true, that 
very many of them fall far short of what they should be, as promo 
ters of agricultural education, or as setting a high moral standard 
to the visitors whom they invite to attend their fairs. 


THE MIDWAY EXHIBITS. 


This Department sent out a letter of inquiry two years ago, ask- 
ing, among other things, what the Department could do to aid their 
society in the prosecution of this work. The almost uniform reply 
was “help us to pay our premiums.” The necessity for securing 
money to pay the premiums offered, drives these organizations to 
grant concessions to disreputable shows and gambling devices, which 
are a disgrace to any society, which pretends to be at all concerned 
for purity of thought among our people, or good morals in society. 
Obscene dances by half dressed actors, open gambling, loud, coarse 
speeches by fakirs who have monstrosities on exhibition, are some 
of the sights and sounds that greet refined and modest women and 
children, who come to be instructed and entertained. All of this 
under the guise of an agricultural exhibition for the improvement of 
this industry. 

Trials of speed, acrobatic and sleight of hand performances, exhibi- 
tions of trained animals, or the admission of the merry-go-round, or 
of games of ball, foot races and athletic sports, and similar amuse- 
ments, are all unobjectionable when properly controlled, and will 
provide entertainment to those who come to spend an idle hour. The 
cthers are most immoral and corrupting, and ought to be excluded 
from every fair. 

The original purpose of the county agricultural fair was to place 
on exhibition samples of products of the country, mainly of its 
farms, which were unusually perfect of their kind, bringing them 
into competition with each other, with the view of improving agricul- 
ture in all of its diversified interests. The offering of premiums, was 
intended to act as an incentive to producers, to bring out their pro- 
ducts, with the assurance that if they had the best, they should be 
rewarded to the extent set down in the premium list for that class 
of exhibits. 
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kur many years these fairs were largely attended, and their good 
effect was seen in the increased interest that was excited by the 
exhibits there displayed. Gradually this feature of the old-time 
fair came to be supplanted by the public horse and cattle sale, and 
the town and city market. At the latter could be seen daily, a 
great variety of fruits and vegetables prepared in attractive style, 
and of the best quality known. As a consequence, the mere display 
of corn and wheat and vegetables became very common, and to a 
great extent lost its power to attract. Horses and cattle still hold 
their own, and implements, for the purposes of the farm, particularly 
if they are in motion, are a never failing source of interest to all. 
Choice fruits are still of interest if carefully selected and well 
marked, and exhibited by a man who understands his business. In 
fact, it has come to substantially this, that any article or exhibit, 
unassisted by an exhibitor, is not likely to secure more than a mere 
passing notice. If it be at all worthy of a place inside the enclosure 
of a county fair, it must not be left to tell its story for itself, but 
ought to have a competent expert to explain its peculiar virtues, and 
if an implement, show the visitor how it works. <A county fair pro- 
perly equipped, and with twenty capable men and women to show it 
off, will be a success, without the aid of fakirs or disreputable shows. 


EXHIBIT SHOULD BE EDUCATIONAL. 


A county fair should, first of all, be educational. If this feature 
is properly developed there can then be associated with it sufficient 
suitable entertainment to add to the variety and interest, and to 
remove any temporary dullness or monotony that may exist. 

Fair managers must recognize the fact, that their visitors want 
to be kept busy seeing and hearing things that are out of the com- 
mon. Accordingly, they must strive to secure this interest by the 
introduction of high grade articles, and place with each class, some 
one who knows how to call attention to the superior quality, which 
each article possesses over others. If some farmer has raised forty 
bushels of wheat to the acre, he will have plenty of auditors, if he 
will tell how he did it, or how it may be done by others. If some 
one has developed a herd of dairy cows, from a production of 120 
lbs. of butter per year to 400 Ibs. per year, he will not lack for in- 
terested hearers. It is the unusual that attracts and interests, and it 
is the unusual that must be presented, or the fair will fail, both as to 
the number of those who attend, and in its educational value as well. 


STATE AID. 
The question arises, how can this be secured without resorting to 
sensational and disreputable shows? I suggest that the State ap- 
propriate to the Department of Agriculture for the development 
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and improvement of county agricultural fairs, the sum of $25,000 
per year, or so much thereof as may be needed. Let the Secretary 
of Agriculture district the State into six districts of eleven counties 
each. Begin the fairs in each circuit on the Monday of the last 
full week of August, and continue them to the close of the first full 
week of October, holding two fairs of three days each, every week, 
in all of the sections. Let the Department send one competent man 
to each fair as its representative, who shall have charge of an exhibit 
to be furnished by the Department, and also to make report upon the 
general character of the fair, its exhibits, its freedom from, or the 
presence of, objectionable shows or entertainments. Let the De- 
partment prepare and publish a list of articles for which it will 
offer premiums of amounts to be designated; the degree of excellence 
of the articles to be passed upon by a committee of experts, and 
the award to be approved by the representative of the Department, 
assigned to that circuit. The total of the premiums to be awarded 
by the Department at any one fair, not to exceed the sum of $400.00, 
and in no case to exceed the sum offered and paid by that society, for 
premiums upon articles of similarly useful character, and in no case 
shall any premium be offered by the Department, unless the mana- 
gers of the society shall agree, in advance, to exclude all objection- 
able shows and gambling games from their grounds. Only one fair 
association in each county to be entitled to the premium offered by 
the State in any one year, and where two or more apply for recogni- 
tion, the one to be aided shall be that one, which paid the greatest 
amount in premiums the preceding year, for items approved by the 
Department ,and not including those offered for trials of speed. 

The encouragement and strength which such support will give to 
agriculture, will not only be returned to the State many times by the 
increased production that such exhibitions will necessarily effect, 
but will also rid these fairs of disgraceful exhibitions by fakirs and 
lewd showmen, and restore the old-time purity that is sadly lacking 
in many of the so-called agricultural exhibitions throughout the 
State. 


SPHERE OF INFLUENCE. 


At present, the exhibition—limited to but one a year—is the only 
sign of life that most of the fair associations display. Three or four 
days of activity, and then a year of idleness and silence. A fair as- 
sociation ought to be alive, active and interested in aiding agricul- 
ture, at all seasons and every day in the year. 

The directions in which it can be useful are many. For example: 
It can take an interest in the improvement in the public highways; 
in the education of its citizens, and of its supervisors of roads in the 
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latest and best methods of road maintenance and construction. It 
can insist that the rural schools shall be suited to the needs of the 
country children, and it can use its influence to retain good teachers, 
and to secure the dismissal of the incompetent or bad. It can 
stimulate the improvement of country homes and their surroundings, 
by holding meetings and inviting citizens to attend and discuss 
methods for beautifying the home, and means for the production of 
better crops. 

Another and very important service that these societies can render 
to the citizen of every county, is in the giving of assistance to those 
who are interested in, and are engaged in rearing better stock. The 
difficulty that confronts farmers, in many counties, who wish to 
improve their stock, is the impossibility of securing the service of 
well bred sires. The country is full of cheap scrub horses, cattle, 
sheep and swine. They are scrub, because they sprung from cheap 
scrub sires. There can be no improvement in our stock until well 
bred sires are introduced, and their services be had at rates low 
enough to be within the reach of the farmer of ordinary means. The 
county fair associations could do no better service to their county 
than to purchase, or hire the use of, one or two well bred sires of 
each of the leading breeds of horses, cattle, sheep and swine, and 
have them kept for service at moderate rates, and offer this service 
at these reduced rates to those only who are members of the fair as- 
sociation, thus inducing the more progressive farmers to join the so- 
ciety, and aid in its support. There is no reason why this cannot be 
done, and at the same time be a source of revenue to the association. 
As an inducement to undertake this, a portion of the money to be 
given by the State could be offered to such association as will main- 
tain a breeding barn of well bred sires. : 


LIVE STOCK IN PENNSYLVANIA. 


The live stock of Pennsylvania represents in value about $126,- 
000,000. A slight improvement upon each animal would add enor- 
mously to the wealth of the State. The following table gives the 
number, and average walue of each class of live stock, taken from 
the last census report, and shows the amount of increased value, 
which could be secured, if the animals were so improved, as to bring 
the small additional sums set down in the fifth column of the table. 
The additions aggregate almost $17,000,000. 

Viewed as a purely business proposition, the State cannot do 
better than to supply the slight aid, that is necessary to bring about 
this result. 
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The foregoing statement shows the results possible to be obtained 
by the encouraging of but a single branch of our agriculture. This 
can be multiplied, if the same assistance and encouragement is given 
in the other branches, such as fruit growing, grain raising, vegeta- 


ble gardening and kindred crops, suited to our latitude and soil. 


EXPENSE OF THE STATE BOARD. 


There should also be an appropriation made to pay the expenses 
of the annual meeting of the State Board of Agriculture, the Horti- 
cultural Society, the Dairy Union, the Live Stock Breeders’ Associa- 
tion, and the Poultry Association. Twenty-five hundred dollars per 
year, would pay the expenses of the meetings of all of these organi- 
zations ,and would relieve the individual members from being com- 
pelled to contribute, of their private funds, for this purpose. The 
work of these societies is of public importance, and the State can 
well afford to aid them in their efforts to develop the branch of agri- 
culture which each represents. Twenty-five hundred dollars per 
year would meet this expense. Our sister State, New York ,gave in 
1902, for these purposes, as follows: 


5—6—1902 
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Rothe State Fair OoMmmission: : sic. ash cess hnee teow en $74,898 85 
lor the payment of premiums at the State Fair, ....... 25,000 00 
For the payment of premiums to County Agricultural 

BUSLCEROE oc fac ae te 19 asa vreau Mein dk laege cheers eXhrenr te oe. Matera 66,000 00 


The State also contributes, for the same purpose, the 
amount received from racing associations, which 


CHE ors Sie sbi. bea aiuhet, bs nce vin las aja s ee ce oreo een 98,000 00 


Making a total of, + 2:22.2.8hccakhe see . $263,398 85 


The result of these expenditures, is seen in the progress which all 
of these organizations are making in New York State, and in the 
great impetus that has been given to all branches of her agriculture. 

Ohio appropriates $20,000 annually to the support of her State 
Fair, and under their law the county agricultural societies are en- 
titled to two cents per capita, from their counties, not to exceed 
$800.00 in any one county. The State Horticultural Society receives 
$1,000 a year and the State Dairymen’s Association receives $1,000 
annually. 

Penusylvania appropriates nothing for these purposes, and is in 
consequence behind these other States which border us, in her de- 
velopment of these interests of her agricultural people. 
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PRICES OR FARM PRODUCE, LAND AND LABOR. 


The Department collects and publishes statistics each year, show- 
ing the wages paid for labor throughout the State, and the prices of 
farm crops, animals, and land in all of the counties. A detailed 
report on these subjects is given in the report of the Deputy Secre- 
tary, who has charge of the collection of these statistics. The gen- 
eral averages of prices for the year are as follows: 


DV pila eaters eop cet orccarced Aerts Saatranasttnce tat ore eto enn etencce Secs $0 76 
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LOU DOCS peg erect Carey rieie scape nesses d ley danetehnn eS ogaeke 54 
DOVER Ysectecensios ass Ra a av chives Holler aetahdsc SIs 11 33 
PERTTI My AUN Aire Seisc ch oan ti, SUS ota wishes ee ee oily c/a rope 14 25 
[BSTVIUT ES Cs sean Ide eit hme RIC RETR coal ae accra ae Sear cera as 24 
LOSES GaSe uti enn CERO ITT ON cane) ae ea es Epa 3 50 
RTATIDION Ss See tee eee eR ee er oie ea eae Ta sateen I> 2 75 
ERO SCO yace ates rook ape es he Chale Mover Fallon 111 8&8 
MOONS Ae ea lath hake, gO sltacor there Oatare Med te aye ciaha oars 33 22 
Cluiekensi per Ibe CHVe)s sha oe sats ios. phan eas 10 
Chickens-per-lb..(dressed),:.d402. 06.5. 60cteu nee 13 
PAVOEMMCT GAY WLU DOALG, 5. esc 5 Seon todasrets steko 1 25 
Barn land per acre, 1m provedsc. ce. a... 005010 55 00 
Farm land per acre, average quality, ......... 34 00 


These prices are, in nearly every case, in advance of those of last 
year, 


LEGISLATION NEEDED. 


The following items of legislation are, in my opinion, needed by the 
agricultural interests of the State, most of which have been dis- 
ctissed in the body of this report, and are collected here for refer- 
ence: 


For the purpose of assisting in the construction and maintenance of. 
country roads, $1,000,000. 
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tor the pucpose of providing premiums for the assistance of county 
fairs, per year, $25,000. 

For the purpose of securing an Agricultural Museum, and for an agri- 
cultural exhibit at the coming St. Louis Fair, $25,000. 

Increased appropriation to the Farmers’ Institute work, additional 
per annum, $10,000. 

For the purpose of securing an Agricultural Library for the Depart- 
ment of Agriculture, $3,000. 

For the purpose of paying the expenses of the Annual Meetings of 
the State Board of Agriculture, the Horticultural Society, the 
State Poultry Association, and the State Live Stock Breeders’ As- 
sociation, per year, $2,500.00. 

To provide for the erection of a Division of Animal Husbandry in 
the Department of Agriculture. 

To provide for the erection of a Division of Horticulture and Pomol- 
ogy in the Department of Agriculture. 

For the erection of a Division of Public Highway Improvement in 
the Department of Agriculture. 

To extend the authority of the Secretary of Agriculture to publish 
farmers’ bulletins to a number not exceeding 25,000 copies of any 
one bulletin. 

To provide that in the distribution of the Annual Reports of the De- 
partment of Agriculture, five thousand copies shall be given to the 
Department for its use. 


CONCLUSION. 


In concluding this report, I desire again, to express my sense of 
obligation for the cordial and effective support which you have 
given me during your administration. It would have been im 
possible for me to have performed the duties of Secretary of Agri- 
culture of this State, if it had not been for your confidence and en- 
couragement. How varied and important the duties of this office 
are, can to some degree be imagined from the report itself. The 
Department has to deal with the most difficult questions which 
science has to meet, and is also brought in practical and per- 
sonal contact with the great commercial interests of the country. 
The administration of the food laws alone, requires exceeding care- 
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fulness lest wrong be done, and firmness lest wrong be allowed. In 
the control of food substances the Department must understand the 
intricacies of the trade, and the chemical composition of substances, 
in order to properly decide what course ought to be pursued. The 
public health is to be protected at all hazards, and at the same time 
the manufacturers and dealers must be given fair opportunity to 
show the beneficial qualities of their goods without undue annoy- 
ance or molestation. The preparing of proper food laws and the 
securing of their enactment are important features of the Depart- 
ment work. This, however, is but a single Division of the work to 
be accomplished by the Department. 

In the Division of Veterinary Science, the public are protected 
against the inroads of contagious or infectious diseases among our 
domestic animals. The recent outbreaks of “foot and mouth dis- 
ease” in some of the New England States is a single instance of the 
danger to which our live stock industry is exposed. This Division 
of the Department is the only safeguard the State has against these 
diseases that appear from time to time, and which, if unrestrained, 
will certainly destroy our herds. 

The work of the Department in inspecting Nurseries, has also 
been of great benefit, in protecting our orchardists against the in- 
troduction of destructive insect pests, and dangerous diseases which 
abound on every side. There are also the analyses of Commercial 
Fertilizers, for the protection of the public against imposition and 
fraud, and the inspection and analysis of Cattle Foods for the same 
purpose; all directly in the interests of agriculture, and constitute a 
service, which could not be performed, unless the State lent her aid 
and provided such an agency as the Department of Agriculture for 
the purpose. 

There are also the preparation of the annual reports, the editing 
and publishing of numerous bulletins of information, the giving of 
expert advice upon the scientific and practical questions that arise, 
the securing of capable teachers in the great school of the farmers’ 
institute work, and the keeping posted in regard to the latest and 
best that is known in all lines of agriculture, which keep the Depart- 
ment officers constantly engaged. 

I wish also to express my appreciation of the uniform courtesy and 
co-operation of the several Division officers, and of the clerks and 
employes of the Department, and for their valuable assistance, with- 
out which the work could not have been performed. 

Very respectfully yours, 
JOHN HAMILTON, 
Secretary of Agriculture. 
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REPORT OF THE DEPUTY SECRETARY AND 
DIRECTOR OF FARMERS’ INSTITUTES. 


Harrisburg, Pa., December 31, 1902. 
Hon. John Hamilton, Secretary of Agriculture : 


Sir: I have the honor to present herewith the report of the progress 
of Farmers’ Institutes, for the year ending June 1, 1902. Tables 
accompanying this report will show the number of institutes held in 
the ditferent counties, the sessions into which these meetings were 
divided, the number of lecturers, local speakers and assayists who 
were present, the average daily attendance, together with the total 
attendance at the institutes in each county. 

There were held in all, 324 days of regularly scheduled institutes, 
divided into 782 sessions. At most of the meetings, three State 
speakers were present; these were joined by an army of 684 local 
lecturers. The attendance was all that could have been expected, 
the daily average being 445, and the total attendance being 144,431. 

An interesting feature of this brief report is noted in the varia- 
tion of attendance in the different counties. Among those having 
the largest daily average we find, Allegheny, 491; Armstrong, 475; 
Bedford, 543; Berks, 520; Bradford, 440; Bucks, 555; Butler, 426; 
Crunbria, 490; Centre, 506; Chester, 444; Clarion, 477; Columbia, 925; 
Crawford, 578; Delaware, 457; Huntingdon, 511; Indiana, 527; Jef- 
ferson, 435; Juniata, 408; Lancaster, 583; Lawrence, 460; Lehigh, 
462; Luzerne, 603; Lycoming, 431; Mercer, 780; Mifflin, 500; Mont- 
gomery, 724; Montour, 525; Northumberland, 554; Perry, 545; Sny- 
der, 469; Somerset, 521; Tioga, 512; Venango, 516; Warren, 420; 
Washington, 402; Westmoreland, 537; Wyoming, 444; York, 472. 

It will be seen that Columbia county had the largest daily attend- 
ance (925). In order that the public may have knowledge of this 
branch of the work, the complete schedule is hereto appended: 
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The steady growth of the Farmers’ Institutes is noted by the con- 
stantly increasing attendance. Very lively interest was manifested 
by the farmers and their families, who, in many instances, drove ten 
to fifteen miles over bad roads and through storm and snow to join 
with the State instructors on the programme, and kindly co-operat- 
ing in the work of developing the best thought and most practical 
manner of conducting the various lines of farm operations. 

The Ladies Session has become an established feature. At this 
session a lady usually occupies the chair. The entire programme is 
filled with topics relative to home comfort, health, social conditions, 
ete. The education of country children is also earnestly discussed, 
and properly so. No class of people in Pennsylvania realize more 
fuily than the farmers the need of a more thorough education. The 
great mass of their children are not receiving this education, which, 
in my judgment, should largely be along the lines of what would 
seem to be their life’s work. At all the institutes held in 1900, an 
almest unanimous vote was in favor of a township high school, or 
a centralized township school. It is most gratifying to note that 
the legislature has enacted laws appropriating money for township 
high schools, and has also passed an act providing for centralized 
township schools. We feel quite safe in the prediction that some- 
where, not far from the farm home, the farmers’ children will have 
access to a school having a class in agricultural chemistry, botany, 
animal life, insects, birds, etc., thus demonstrating and teaching their 
various relations to farm life. 


AGRICULTURAL SOCIETIES. 


In the work of collecting a list of county and local Agricultural 
Societies, it is deemed worthy of note to mention that more than 
usual interest and care has been manifested by the farmers in the 
preparation of various products for exhibition, which procured for 
the exhibitor greater space and better facilities for the display of 
farm products. Expert judges to pass upon the merits of all compet- 
ing articles is rapidly becoming the rule. Possibly in no year within 
the last decade were the exhibits so full and complete and tie at- 
tendance so large as that of 1902. This may be accounted for, 
partially, by the unprecedented prosperity which has attended most 
lines of farm operations the past year. 

The following report shows that 1,024,250 people were in 
attendance. These societies own 50 one-half mile race tracks and 9 
one-third mile tracks. They collected in membership fees, $2,297.10; 
amount paid in premiums, $113,347.93. The following is a detailed 
report: 
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: CROP REPORTS. 

Our very efficient corps of crop reporters have performed a great 
service to agriculture by their prompt report of crop conditions and 
local prices. From such reliable reports we learn that prices re- 
ceived for everything raised upon the farm found a more ready mar- 
ket and sold at a higher price than in many years. <A few striking 
examples are herein cited in the following average prices received 
in the home market for the various articles named, in the past four 
years: 


1899. 1900. 1901. 1902. 
| 
WV CO i » Ae och u eSB AERO aeca nceOs, Co cntne Pheer cau aaa $0 68 30 73 $0 71 | $0 76 
(Chen  Jsodnossede sosuoden bopaoneducobacodpnossenanoppoocucnagc 42 48 58 62 
EES Mise ere terete etcovclave's elore ciala oie clea (a ojeinietsteieievele’s(evars sta(o’a'svaieveeiclereiavs 26 32 41 | 44 
POLAT OCS ne cieie!o a1oisielovw ofa/ojolnis(e\o's)ojnie’ais erelaiera\oinls/a’e\rle)eisiale viel aise w ersia 42 53 7 | 54 
Lay MCLOVED oo siete een ca mente oncaeeeaepnesiaaee sas eees 8 29 | 31 20 10 81 | 11 33 
TEV ea VAMC ELITI OCH YA bc tve wis ictteveleicie'o\ctvvelt cic cies onaie oiesc(nie/oGlose'e)ale ole'ele'e\eiete 10 69 33 85 | 13 30 | 14 2 
SLE LET Pe eins a dave setters eoonee sloie Sotatelslon siciials cesses 20 | 22 22 | 24 
HEWES Mere ef errata iacielstalotaiersroiela'sietn:c(s.sialsleloisicisTete elotiatetecisio eielsjels os Ste 3 61 3 48 3 50 
ILEWET OE adcnaoecocadod anh oddos ob acObon nce GnUdoO cde coSnnHeS 3 22 | 3 26 | 3 11 | 2 75 
ELOUSES MMM crete ercleercrateercter ee sete tee iaichecoisieie fl ciam eioi nica uaitieloeiiewieiets 78 49 | &7 61 98 00 | 111 88 
(Ohi chbdgeboeugedadadaodocposcdocnsugdooboocrEnOOCDRHOCEAAG Soya; | 33 08 32 00 | 33 22 
Chickens!” live Sper POUNGS Cr cicijersiciciesiel oivclele viviss.cls'stsce 08 08 08 | 10 
@hickens? -Gresseds: vsaieuicsacisiecicaneereersice.clenecciclo sionals tee 1 12 12 | 13 
abor:, “per. day, without boards 2iilececwisterisc were cle sta lea bi 115 123" 1 2 
Babor) per month; “without board, cicstessiccipiseccnnee 20 07 ZO 55 QB OO satiecrretnsie’are 
ae) ANG MIN TOVE. ACTOS ware rersiareie/aicievarsjomss stars soia\ers\si cfeteretetal farcravaleteccrereiere | 58 06 60 00 55 00 
Harmeuland: Vavierage, sacre,=  .o..ccasses vasnnee soatonee)| Mor napioreat | 38 00 38 00 34 00 


Pennsylvania has reason to be proud of the work accomplished 
by the means of Farmers’ Institutes, which reach out into every 
line of farm operations and are the harbingers of good will and en- 
couragement to thousands of farmers who are struggling with ob- 
stacles and difficulties, which, in many cases, if left unaided 
would end in discouragement and financial loss. We most 
earnestly entreat of the legislature, soon to assemble, for a more lib- 
eral appropriation, in order that this Division of the Department of 
Agriculture may be more efficiently equipped, that the present and 
coming farmer will inculcate such knowledge as will enable him to 
so develop the natural resources of his farm as to make it more 
productive year by year, adding strength to the State, a greater 
variety and more healthful foods for the consumer, and broader 
knowledge, which brings its own reward, to those who attain thereto. 

Respectfully submitted, 
A. L. MARTIN, 
Deputy Secretary and Director of Farmers’ Institutes. 
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REPORT OF THE DAIRY AND FOOD COM- 
MISSIONER. 


Harrisburg, Pa., December 31, 1902. 
fon. John Hamilton, Secretary of Agriculture : 

My Dear Sir: I have the honor to make the following report of 
ihe work of the Dairy and Food Division, of the Department of 
Agriculture, from January 1, to December 31, 1902. 

We have had in employment the usual number of agents, chemists 
and ettorneys during this period. There has been collected by our 
agents, analyzed by the chemists and reported to this Division, 2,052 
samples of the several food products, which are upon the markets 
of this State. Of this number, 1,122 were found to be true to name, 
or preperly labelled, and 930 samples were found to be adulterated, 
preseryed, or not properly labelled. Under the oleomargarine act 
there were issued 310 licenses, and we have received and paid into 
the State Treasury $23,927.05 for the same. In the enforcement of 
this act, we have had collected and analyzed 506 samples. Of this 
number, 183 were found to be pure butter, 41 renovated butter and 
282 were found to be oleomargarine. We have prosecuted under 
this act 252 cases; of this number, there were terminated 57 cases, 
aud there are still pending 195 cases. There were terminated under 
this act 57 cases, which were commenced previous to January 1, 
1902. in the enforcement of this act we have collected and paid 
into the State Treasury $8,463.93 in fines and costs. There is still 
in the hands of the sheriffs of the several counties of the State, a 
large amount of fines, which have not as yet been paid in. 

We have succeeded under Section 9 of the oleomargarine act, in 
gaining before the courts of the State, two injunctions in Philadel- 
phia county and one in Crawford county, restraining violators from 
further violation of the oleomargarine act. In our report for the 
year 1901, we referred to the difficulty of the enforcement of the 
oleomargarine law in certain sections of the State, of the ignoring 
of a large number of bills by the grand jury of Allegheny county, 
and of the costs being placed upon James Terry, agent of this Divi- 
sion, and of the appeal to the Superior Court for the purpose of 
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having decided, the right of a grand jury to place costs upon a pub- 
lie officer, who has acted only in the performance of his duty under 
the law. The decision of the Superior Court, which was handed 
down in July, 1902, sustained the action of the grand jury. 

The enactment of a National anti-color oleomargarine law, which 
came into force July 1, 1902, has been of great assistance to the Di- 
visien in its efforts to enforce the State laws. 


RENOVATED BUTTER ACT. 


Under this act, we have issued two licenses, and have received 
and paid into the State Treasury $766.07 for the same. We have 
collected and analyzed 41 samples; of this number 34 were cases for 
prosecution. There were terminated 12 cases and there are still 
pending 22. There were terminated during the present year 5 cases, 
which were commenced previous to January 1, 1902. We have col- 
lected and paid into the State Treasury under this act, $578.58 in 
fines and costs. 


MILK ACT. 


Under this act, we have collected and analyzed 259 samples of 
milk and cream. Of this number, 186 were found to be pure, 45 
adulterated, 27 were found to contain a preservative and one con- 
tained a coloring matter. As all adulterated samples were prose- 
cuted under the Pure Food Law, we have prosecuted under the Milk 
Law, only the preserved and colored cases. Seven cases, which were 
commenced previous to January 1, 1902,,have been terminated under 
this period. We have collected and paid into the State Treasury, 
under this act, $1,177.24 in fines and costs. 


CHEESE AC7. 


Under this act, we have collected and analyzed 11 samples. Of 
this number, 5 were found to be up to standard and 6 were found to 
be below standard. We have prosecuted 3 cases, which have been 
terminated. We have collected and paid into the State Treasury, 
under this act, $169.50 in fines and costs. 


PURE FOOD ACT. 


Under this act, we have collected and analyzed 1,181 samples. Of 
this number, 701 were found to be pure, or properly labelled, 230 
adulterated, or not properly labelled, 239 contained a preservative 
and 11 coloring matter. We have prosecuted 346 cases. Of this 
numler, 111 were terminated and 235 are pending. Forty-one cases, 
which were commenced previous to January, 1902, have been ter- 
minated during this period. We have collected and paid into the 
State Treasury, under this act, $8,082.20 in fines and costs. 
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LARD ACT. 

Under this act, we have collected and analyzed 27 samples. Of 
this number, 10 were found to be pure and-17 were compound. We 
have prosecuted 10 cases. Of this number, 6 were terminated and 4 
are still pending. One case, which was commenced previous to 
January 1, 1902, was terminated during this period. We have col- 
lected and paid into the State Treasury, under this act, $23.00 in fines 


and costs. 


VINEGAR ACT. 

Under this act, we have collected and had analyzed 68 samples. 
Of this number, 37 were found to be up to standard, 24 were below 
standard and 7 contained a coloring matter. We have prosecuted 
25 cases. Of this number, 11 are terminated and 14 are still pending. 
We have collected and paid into the State Treasury, under this act, 


$4417.42 in fines and costs. 


I respectfully call your attention to the large number of samples, 
which were found by analysis to contain a preservative. This con- 
dition existed to a certain extent during former years, and, while 
prosecutions were brought upon cases which were found to contain 
a certain preservative, we have hesitated in bringing cases against 
such as contain salts-of-copper as a coloring matter, and those con- 
taining boracic acid and other preservatives of like character. But 
owing to the decision of the Supreme Court of the State upon certain 
sections of the Pure Food Act of 1895, in regard to the use of food 
preservatives, a copy of which I have attached to this report, we 
have successfully prosecuted a large number of cases, which has had 
such a heneficial effect, that, at the present time, parties detected 
selling foods containing injurious preservatives in the majority of 
these cases brought, have come forward and voluntarily paid their 
fines and costs to the magistrates, or in court. This was done espe- 
cially by defendants who had been prosecuted for using boracie acid 
and sulphites in meats. They were defended by the large packing 
houses of the West, upon whom, I am reliably informed, our attitude 
in regard to preservatives has been the cause of having established 
separate departments for the special purpose of the preparation of 
meats for Pennsylvania markets, in which no preservatives are per- 
mitted to be used. This will be of great benefit to the farmer and 
meat producers of our State. 

While we were somewhat discouraged in our first efforts in the 
enforcement of the law, as regards the use of boracie acid in food 
products, the outlook at the present time, is very encouraging, and 
we now feel that we will be able in a very short time to drive from 
the markets of the State, all foods which contain injurious preser- 
vatives. 
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To more fully explain the workings of this Division, I have at- 
tached to this report the following tables: 

Tabie No. 1. Giving the number and showing the condition as to 
the purity of the samples collected by the agents, analyzed by the 
chemists and reported to the Division during the year. It must be 
remembered, that agents are instructed to omit from their samples 
such goods as previous analysis has shown to be pure. 

Table No. 2. Giving the number of samples taken under the act, 
giving the number that were found to be pure, or up to standard, or 
properly labelled, those found not pure, or adulterated, or preserved, 
or colored, or not up to standard; also giving the number of sam- 
ples collected and analyzed in total. 

Table No. 3. Giving the suits and prosecutions which were com- 
mencea, the number which have been terminated and the number 
still pending on appeal or certiorarz; also giving the number of 
cases, which were commenced previous to and terminated during this 
period. 

Very respectfully, 
JESSE K. COPE, 
Dairy and Food Commissioner. 


DEPARTMENT OF AGRICULTURE. 


Harrisburg, Pa., March 5, 1902. 


My Dear Sir: The Supreme Court of Pennsylvania has just handed 
down a decision afiecting the use of preservatives in food on sale in 
this State. Inasmuch as the subject is one that directly concerns 
all manufacturers of and dealers in food products, the Department 
has had the entire decision printed for distribution. 

JESSE K. COPE, 
Dairy and Food Commissioner. 


~l 
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IN THE SUPREME COURT OF PENNSYLVANIA. 


COMMONWEALTH )} No. 335. JANUARY TERM, 1901. 
VS. APPEAL BY THE DEFENDANT 
[ FROM THE JUDGMENT OF 
JOHN W. KEVIN. THE SUPERIOR COURT OF 
PENNSYLVANIA. 


J) 


FILED MARCH 38, 1902. ) 
MESTREZAT, J. if - 

The defendant, who is engaged in the grocery business in the city 
ef Philadelphia, was tried and convicted in the court of quarter ses- 
sions of Philadelphia county on an indictment charging him with 
having sold “one pint of raspberry syrup, the said raspberry syrup 
then and there contained an added substance and ingredient, to wit: 
Salicylic acid, which is poisonous and injurious to health.” The 
indictment was found under the act of June 26, 1895, P. L. 317, en- 
titled “An act to provide against the adulteration of food and provid- 
ing for the enforcement thereof,” and commonly known as the Pure 
Fevod Law. 

The first section prohibits the manufacture or sale of adulterated 
food, the second section defines the term “food” as used in the act, 
and the third section provides znter alia that “an article shall be 
deemed to be adulterated within the meaning of this act: (a) in case 
of food * * * (7) if it contains any added substance or ingre- 
dient which is poisonous or injurious to health.” The defendant 
was indicted for a violation of the seventh clause of the third section 
of the act. 

On the trial of the case, it was shown that the defendant had sold 
a bottle of raspberry syrup, and it was admitted by him that it con- 
tained salicylic acid. It appeared from the evidence that the acid 
was a substance foreign to raspberry syrup. Expert testimony was 
introduced by the Commonwealth and the defense to prove what 
salicylic acid is, and whether it is poisonous and injurious to health. 

Fhe Commonwealth’s expert made an analysis of the syrup and 
testified that the acid was injurious to health; that it was dangerous 
because it was apt to produce disease; that the words “poisonous” 
and “injurious to health” were almost synonymous in cases where the 
poisen is not always fatal; that if comtinually used, the acid is in- 
jurious to health in any quantity, but if not so used, its injuriousness 
would depend upom the person taking it. 
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The defendant’s expert testified that salicylic acid would not be 
classed in the group of poisons; that whether or not it is poisonous 
or injurious depends upon the amount taken and how it is used, 
which applies to arsenic or any other poisons; that if the acid was 
taken in a harmful amount, it would affect injuriously the digestion, 
the kidneys and the heart; that all poisons must be administered 
medicinally and that witness had known of salicylic acid being ad- 
ministered beneficially in medicinal doses; that the acid is a sub- 
stance foreign to raspberry syrup. 

The trial court submitted the case to the jury and charged that 
the only question to be determined by them was whether or not 
salicylic acid was poisonous or injurious to health; that if it was 
it was the duty of the jury to convict. A verdict of “guilty” was re- 
turned by the jury, and the defendant, having been sentenced, ap- 
pealed to the Supreme Court, which, by a divided court, affirmed the 
judgment of the trial court. He thereupon appealed to this court. 

The determination of the several assignments of error involves a 
consideration of clause seven of section three of the act of June 26, 
3895, under which the indictment was found. The learned trial 
judge held that the clause prohibited the addition to a food product 
of any foreign substance poisonous or injurious to health, regardless 
of the quantity used or whether or not the quantity of the substance 
used was sufficient to make the adulterated article poisonous or in- 
jurious to health. In other words, it is not the quantity but the 
nature of the substance added which the act prohibits. 

The court held that if the foreign substance added to an article of 
food is poisonous or injurious in any quantity, the statute declares 
it to be an adulteration. Tihe case was tried upon this construction 
of the act, and the rulings of the trial court, assigned for error in 
the Superior Court and on this appeal, are based upon that interpre- 
tation of the statute. 

The learned counsel for the defendant contend that the act is not 
violated unless the quantity of the foreign substance is sufficient to 
make the compound poisonous or injurious to health. They state 
tlieir position in their fourth point for charge, which is as follows: 
“The defendant in this case is indicted for selling one bottle of 
syrup, and if the jury should find from the evidence that the single 
bottle actually sold did not contain salicylic acid in sufficient quan- 
tities to be poisonous or injurious to health, then your verdict must 
be for the defendant.” 

We are not prepared to adopt this construetion of the clause of the 
section under consideration. The purpose of the statute was to 
prevent the adulteration of food; the term “food” including all arti- 
cles used for food or drink by man. 
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The act clearly defines what shall be deemed an adulterated arti- 
ele within the meaning of its terms. The third section is subdivided 
into seven clauses, each defining or designating an article or com- 
pound that shall be considered as adulterated. Food is adulterated 
under this section: (1) If any substance or substances have been 
mixed with it so as to lower or depreciate or injuriously affect its 
quality, strength or purity. (2) If any inferior or cheaper substances 
have been substituted wholly or in part for it. (3) If any valuable 
or necessary constituent or ingredient has been wholly or in part 
abstracted from it. (4) If it is an imitation of or sold under the name 
of another article. (5) If it consists wholly or in part of a diseased, 
decomposed, putrid, infected, tainted or rotten animal or vegetable 
substance or article, whether manufactured or not, or in case of milk 
if it is the product of a diseased animal. (6) If it is colored, coated, 
polished or powered, whereby damage or inferiority is concealed, or 
if by any means it is made to appear better or of greater value than 
it really is. (7) If it contains an added substance or ingredient which 
is poisonous or injurious to health. 

Such are the articles which are prohibited from being manufac- 
tured or sold as food in this Commonwealth. The object of the 
statute is to protect the public health by securing pure food and to 
prevent fraud and deception in the manufacture and sale of adul- 
terated articles of food. 

The purpose of the legislature in the passage of this act is most 
commendable, and the statute should receive a construction by the 
courts that will fully and effectively accomplish the object of its 
enactment. 

It will be observed that the third section is not directed against 
the manufacture or sale of adulterated food, but declared what shall 
be deemed and taken to be an adulteration of food. Each of the sev- 
eral clauses is couched in explicit and unambiguous terms. The 
language of the clause under which this indictment was framed is 
plain and admits of but one meaning. It is therefore not necessary 
to resort to technical rules of construction in aid of its interpreta- 
tion. 

“Whatever may have been the legislative thought,” says Thomp- 
son, J., in Bradbury vs. Wagenhorst, 54 Pa. 182, “no ambiguity ex- 
ists in what they said, and when the words of the statute are plainly 
expressive of an intent, the interpretation must be in accordance 
therewith.” 

It is not a poisonous or injurious compound resulting from the ad- 
dition of a foreign ingredient that the seventh clause declares to be 
an adulterated article. If it were, the position of the defendant 
would be correct and, under the testimony in the case, he would have 
been entitled to an acquittal. | 
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The evidence introduced on the trial and admitted by the court, 
however, was to show that the foreign substance added to the food 
product was poisonous and injurious to health. That is clearly what 
the clause declares shall constitute an adulteration. Its language is: 
“If it (the adulterated food) contains any added substance or ingredi- 
ent which is poisonous or injurious to health.” ‘The terms of the 
clause, therefore, declare against a compound that if formed by the 
addition of a poisonous or injurious ingredient and not against a 
compound that is poisonous or injurious to health. 

This interpretation is supported by the plain and explicit language 
of the clause as well as by the manifest purpose of the Legislature in 
its enactment. An article resulting from the addition of a poisonous 
substance, the Legislature believed would be unhealthy, and, hence, 
its manufacture and sale is forbidden by the first section of the 
act. The guilt of the defendant, therefore, does not depend upon the 
nature or character of the compound resulting from the addition of 
the salicylic acid to the fruit syrup, but was to be determined solely 
upon the poisonous or injurious qualities of the acid, which was the 
ingredient added to the food. 

The seventh clause of the act, as construed, does not offend against 
any provisions of the Constitution of the Commonwealth. It does 
not prevent the admixture of pure articles as a food, nor prohibit 
the addition of a healthful ingredient as a fruit preservative. 

It is directed against the introduction into a food product of a 
substance foreign to it and of a poisonous or injurious nature. As 
said above, the purpose of the act was two-fold: To protect the pub- 
lic health, and to prevent fraud and deception in the manufacture and 
sale of adulterated food. 

It is within the province of the General Assembly to determine 
whether the addition of a poisonous or injurious substance to a food 
article endangers the health of the citizens of the State, who use the 
compound; and if it does, then it is clearly within the police power of 
the State to prohibit the manufacture and sale of the adulterated 
article as well as to protect the public from imposition or fraud in 
the sale of it. 

The exercise of such authority by the Legislative Department of 
the Government does not transcend the constitutional limits of its 
power. In Powell vs. Commonwealth, 114 Pa., 294, Sterrett, J., after 
reviewing the cases holding legislation to be constitutional on the 
ground that it was the lawful exercise of the police power of the 
State, says: “The manufacture, sale and keeping with intent to sell, 
may all alike be prohibited by the Legislature, if, in their judgment, 
the protection of the public from injury or fraud requires it. To 
deny the authority of the Legislature to do so, is to attack all that 
is vital in the police power. To refuse recognition of the power ina 
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given case, because in the jadgment of some, the Legislature, though 
acting within its proper sphere, may have mistaken the public neces- 
sity for a law prohibilory in its character, is to make the individual 
judgment superior to that of the Legislature to which the people in 
their sovereign capacity have delegated the law making power.” 

There was ample evidence, if believed, to warrant the jury in find- 
ing that salicylic acid is poisonous and injurious to the human sys- 
tem. No other conclusion would have been justified by the evidence. 
It is equally clear that the manufacturers of the Raspberry Syrup 
sold by the defendant were concealing its true ingredients from the 
public. This is manifest from the label on the bottle on which is 
printed: “Warranted pure and unadulterated fruit syrup.” 

The testimony in this case discloses the fact that the syrup is not 
in “a pure and unadulterated” condition, but that it contains an in- 
gredient foreign to its natural state. 

We are of the opinion that the learned trial judge properly inter- 
preted the act of Assembly under which this indictment was drawn, 
and that, therefore, his rulings on the admission of testimony and his 
answer to points for charge, which are complained of in the assign- 
ments of error, were correct. The judgment of the Superior Court 
is affirmed. 

State of Pennsylvania, 
Eastern District, ane 

I, Charles 8. Greene, Prothonotary of the Supreme Court of Penn. 
sylvania in and for the Eastern district, do hereby certify that the 
above and foregoing is a true copy of the opinion in the above en- 
titled cause so full and entire as appears of record in said court. 

In testimony whereof, | have hereunto set my hand and affixed the 
seal of said court, at Philadelphia, this fourth day of March, A. D. 
1902. 

CHARLES 8S. GREENE, 


( Signed.) 
Prothonotary. 


( Seal.) 
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TABLE NO. 1. 


Number of samples. taken and analyzed from January 1, to De- 


cember 31, 1902. 


PANTS DUCE MUL se irc.sloteneavevereue’ s:sceveretererets 
Ailspice, adulterated, ©. .cc. cscs. 0% 


Almond Extract, pure, A 
Almond Extract, adulterated, 


AD PIECREUGECIS, DUNE, \..0t. sa%s eicicleue.c wicle 
Apple Butter, PTESERVEds cscs ver 
Bacon, not preserved, ........... 
BakedeBeans: PUTCs csccmeceesecuee 
Baking Powder, DUC, <2 .ccs.cs cee 


Banana Extract, adulterated, 


Beef, not preserved, Nye See 
ISCETRRDTESETVIEG). cicicissisls, ole'eiciore sions 
Beef Exxtract, preserved, ......... 


Beef Salad, pure, 


Beer, pure, 2 Sed ae Wie aes 
IB GCersadimlterated( | 6 acc ccs 6 cre ciereeus 
Biren, BeECresDULCS Kiesccwicce oc ce ees 


Blackberry Preserves, pure, 


Blood Orange, “colored nce ca. 
Bioodeeuddinge.;. DULCE etacasscs cece 
Bologna, not preserved, .......... 
Bologma;, PreSerVeds. wesateciaec eels 
WB ORI Cer A ClO py co etie cieisoerietireeGles sels 


Brook Trout (canned), adul., 


SUIECCT Se UTC 9 eccAis sean c/sicee ok eles 
IS TWGCET ee Ee MOWELLC Git aicicis ctesstaccers cterets 
Butter: Colored: Ol6Os; ssc. .ccess. 
Butter, uncolored oleo., ..... sss. 
CANA APUG. cate ce cicise oelcisls a cetete aie 


Catsup, preserved, 


Catsup, colored, eS Re ae ae 
Celervar oat DULEs we ce tee sel simes.cc 
GWHECSEM DUNE ticnintiecc cies ce trois 


Cheese, adulterated, 


WHEL Yye ELT POUME:, » sch ctes.ts, geheeccts ale 
CherrvalCOla a DURES nies. aesyeres dee eee 
Cherry Kola, adulterated, ....... 
Cherry Syrup, adulterated, ...... 


Chicken (potted), pure, 
Chicken Loaf, not preserved, 


Chicken Loaf, preserved, ........ 
Chocolate rmmuUres, ssces ocma nce ook 
Chocolate, adulterated, .......... 
Chocolates, "pure, : | vce i ten acne 
Chocolates, adulterated, «........ 
Chocolate Megs; pure, -........2.0s 
Chocolate (sweet), pure, ........ 


Chocolate (sweet), adulterated, 


Chocolatina, adulterated, ....... 
Cider wadulterated,, .cccc scccicestec-c 
Cin am OMe spPUrSee cele ce seecl ie ee 
Cinnamon, adulterated, ......... 
GLOVES DUTOs ee a)actoetaien isos stereos 
COCOA EDINT Oe ersisan notion aerate as 
Cocoa adulterated: sy. .c0cecen. sac 
Wocoa; Powder; pure, %........s.. 
WOLNC CMMI UIE reas ete Ne lel Soyer raion 
Condensed Milk, pure, ............ 
Condensed Milk, preserved, ..... 
Corne(canned)i, DUNE, S...a0ce.- 
Corned Beef (canned), pure, ..... 
CorneMieals (PUT. soc. «cress ces ices 


an : 
oo all aod 
w 


Cottage Roll, preserved, 
Cotton Seed Oil, pure, Sas cropite 
Creamy PULTE, ceoskek «cre cleats eee 
Crean, PTESEE VEG) irr cccciete sees <ieteete 
Cream of Tartar, pure, 
Cream of Tartar, adulterated, 
Currant Pomade, pure Stee ste 
WeviadedmeCraibs “DUEL w sctte ceca cere 
Dried Beef, not preserved, 
Dried Beef, preserved, Mc ltelce hters 
Dried Beef (canned), not pre- 
SOLVE tocun cee soi nec eeslrae een ae 
Meow Makes UCR reicushecets ccheieieceie lerei 6 
SERS AVE MDT! cis cary slic ol lscaietornis © 
Evaporated Cream, pure, ‘ 
Evaporated Cream, adulte1 ated, 
Evaporated Peaches, PUTO) Seiscie isis 
Misha (salted); ePULTC; Weiss cisice-s lene 
ALL OUI | DATO stereclas ato avers icisterenesete: aleresevave 
Formalin, pure, Re et vt raters 
Frankfort Sausage, not pre- 
SCRVGO: SS tcccwesure cate wolceleatermns elete 
Frankfort Sausage, preserved, 
IM LURE one bl View blac Gay Gye CeataGde 
Fruit Syrup, adulterated) -2....... 
Fruit Syrup (peach), pure, ....... 
Fruit Syrup (pineapple), pure, 
Fruit Syrup (pineapple), adul., 
Fruit Syrup (raspberry), pure, 
Fruit Syrup (strawberry), pre- 
SOLV.CODY Se ccpareter vctiene cute reis ctoveve one es pieteteners 
GANGOr SPAT Oe arcipiercisis ciaeraer es cieroneteuctets 
Ginger Ale, pure, svelte Seurshene’ 
Ginger Ale, preserved, ........... 
Gooseberry Jam, pure, setteteete 
Granulated Sugar, pure, ......... 
Grape Juice, pure, wighoate 
Ham, not preserved, 
Ham, preserved, : 
Ham (boiled); not preserve d, 
Ham (devillied), not preserved, 


Ham (devilled), preserved, ..... 
17| Ham (minced), not preserved, ... 
Ham (minced), preserved, ...... 
Ham (potted), not preserved, z. 
Ham (potted), preserved, ....... 


Ham (prepared), not preserved, 
Ham (pressed), not preserved, 
Ham (pressed), preserved, RP 
Ham Loaf, not preserved, ....... 
Hamburg Steak, not preserved, 
Hamburg Steak, preserved, 
Head Cheese, not varias. 
Honey, pure, Sarees 
Honey, adulter: te a, 

Infant’s food, pure, 

Jelly (currant), pure, 

Jelly (plum), pure, .. 

Jelly (raspberry), adulter “ated, Ss 
Jelly (strawberry), adulterated,.. 
Lamb), NOt! PrESeIVieds wer: «cmiceisis = 
Ib MUpwRCle GelbbkD, oamovongoodecdca-cosscuc 


a7 
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Bard. COMPOUNG,  .2ccicccasseccescs 17 ! Postum Cereal, PULTE, se eeeeeeeeeee 1 
Lemon Extract, pure, ........... 5| Pudding, Pure, ...-...-+-sseeeeeees 1 
Lemon Extract, adulterated, 36 | Raspberry Preserves, adul., 2 
PANG JUICE. (DUE, = vacs cst b ace css oe 1| Roast Beef (canned), not pre- 
Liver Pudding, not preserved, .. i SOLVCG, ce ae cieleietaie loko cters vietesieiejare ele 6 
Lobster (canned), not preserved, 1| Roast Beef, not preserved, 1 
Maple Sugar, pure, : Sard 1] Roast Fowl, not preserved, ...... iL 
Maple Syrup, pure, ...........+.. 13| Salmon (canned), not preserved, il 
Maple Syrup, adulterated, ...... 15| Salmon (canned), preserved, il 
MArMA@laAdG, PULTE, 2. .cccecssscccce gWISE Wien OLbbds ee oco cuss comccscogibes 1 
Meat (chopped), not preserved,.. $3 Sardines; adulterated>) 2. 7-2-6050.) 1 
Meat (chopped), preserved, ..... 15\| Sarsaparillay Dune ernepass felis 3 
Meat (fresh), not preserved, 5| Sausage (canned), not preserved, 3 
Melrose Pate (canned), not pre- Sausage (canned), preserved, .... ic 

RSC Mr tote eratacforciay cia cicisaielorsteie' oie. 0 2|Sausage, not preserved, .......... 116 
PUMPER INUIT Gio or clove, c ducis oid ot cic lotalej=\els iesete 157| Sausage, preserved, .............. 101 
Milk. “adulterated, ......cccccccnse 45|Smoked Beef, not preserved, ..... 3 
APIS PU VESCL VEU, <<:c icici e's eleie ciwire ajarele 23) Smoked Beef (sliced), not pre- 
MTU COOL EGS  fora' wiarste cc aiarore atee/ote’e «mis at SOT VCC s,. ccscpereos sare aysieisintele is isicl sl etelotetelols 1 
Maunce MeAt DULC, \..cccccls- se cmeee 2| Strawberries (canned), adul., af 
Mince Meat (condensed), pure, 5 Strawberry Hxtract;, pure, “s-..-- 1 
RPCHSSES MULES crete ia 0isote olor efoecrstars 4) Strawberry Extract, adulterated, Tf 
Molasses, adulterated, .......... 10| Strawberry Jam, pure, .......... 4 
RAIS EACO GS ULC, cc.cc.c ceisciere Pin ccnciee 5| Strawberry Preserves, pure, ..... 1 
Mustard, adulterated, : 1] String Beans, colored and pre- 
Mutton, not preserved, .......... ‘ 4 SOEV.CG ay) aro wrarcivcrsirte sac svetctelels eieie sereserete 1 
WIRTELOTI: |PLCSCT.VEG,. -25:c.0 0:sisis:0felelsjeiors HM WMMeYth.. Folbbdes .oaogddebobaoudodaccaoonET 2 
Noodles, adulterated, ............ 1] Tomatoes (canned), pure, ....... ill 
RP EPELOOGG DULG, :  e.a%acis.etscielee‘elsie steverets 2 | ERONTATA SOUP: MULE, eis ste loteetereeleti= 1 
Olive.Oil; adulterated, .....:.s... 1] Tongue (pickled), pure, ......... 1 
Orange Extract, adulterated, 1; Tongue (potted), not preserved, 2 
OWING COLOLCG, kets c,<1< <ic.c ole.cieislos eis ele 1| Tongue (potted), preserved, ..... 9 
Ox-heart, preserved, ........... 5c 1| Turkey (canned), not preserved, 9 
Ox=—tarlesOUD; “PULTE; <<< e.,<.cic.cecrsiwiecels s 1| Turkey (canned), preserved, .... 4 
Ox-tongue (potted), pure, ....... 3) | Wamilla) Beams Spiireiy weicrecicrcrsteielcrelotel= 4 
Oysters (canned), not preserved, 8) Vanilla ixtract,; purnes s.-i.-ceo- 17 
Oysters (canned), preserved, F 2| Vanilla Extract, adulterated, 49 
Oysters (cove), not preserved, ... 1] Veal Loaf, not preserved, ........ 14 
Oysters (fresh), not preserved, .. 1| Veal Loaf, preserved, ............. 4 
Oysters (fresh), preserved, Sate 3] Vienna Sausage, not preserved, 3 
Peas (canned French), colored, .. 6| Vienna Sausage (canned), not 
Peas (canned French), colored, 6 MRSA LogaoodoodauanacoUREUI se 3 
IRE DPELADULC yc cveccreicistee-aveieraisre eieialeres 26| Vienna Sausage (canned), pre- 
Repper,, adulterated, ....5..se.cre 28 STI AUG IE  GaodnesdaucsooolUoomaaUDUOL 11 
Pigs Feet (pickled), not pre- Wane Sars UGGS wcrc cteiscc <tr sreteestelers 37 

SEVV.GG gl oictaatelcre s'cie'siore suersvetelnieieieciecrete 1] Vinegar, adulterated, ............ 25 
Pineapple @hunks> Pure cscewenc. 1] Vinegar (distilled), colored, ...... 6 
Pineapple Extract, adulterated,.. 4 
Pork, not preserved, : 11 “MGI coaooncdcetanooosednooss0 2,052 
POLK DECSCL VCO cc:cc cic shore sian esis 2 
Pork and Beans (canned), pure, 1 

TABLE NO. 

Number of samples taken and analyzed under the several laws 
from January 1, to December 31, 1902. 
Number of cheese samples which proved to be up to stand- 

UE eet ype spire 2 sties'e Seseths hss cae ra eaeee sn tenet ee Ree ee Cersene ars 5 
Number of cheese samples which prov ail to be fot up to 

SUR TNG C0 Se aaa ee eae a ova.’a erin e, oceMa fe SRSdaT Meee 6 

Total number of cheese samples analyzed Seesiotias aia 
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Number of lard samples which proved to be pure, ......... 
Number of lard samples which proved to be compound, 


Total number of lard samples analyzed, ............ 


Number of milk and cream samples which proved to be pure, 
Number of milk and cream samples which proved to be adul- 
Me MECC rata as cocaine) ne ee ashe nyc RE a's BU OO ce ay ee aN eee 
Number of milk and cream samples which proved to be pre- 
BCEMEU preted ver eye reset tute oon Peis om sient hora ae CMe, eutig eRe gee 
Number of milk and cream samples which proved to be 
RRP ECHIEC CAG Meriter ae ona vo aA Ge Tesiei ote ins ajo: ata oo atscsualod aro o6Gi al bend ueec cere ee 


Total number of milk samples analyzed, ........... 


Number of butter samples which proved to be pure, ....... 

Nomber of butter samples which proved to be oleomar- 
DRAIE. 2. noc CR me ae Pn eat rom Pat 

Number of butter samples which proved to be renovated,. 


Total number of butter samples analyzed, ......... 


Number of food samples which proved to be pure, ......... 
Number of food samples which proved to be adulterated,... 
Number of food samples which proved to be preserved, 

Number of food samples which proved to be colored, ...... 


Total number of food samples analyzed, ............ 


Number of vinegar samples which proved to be up to the 
Seandard and true £0 Names”. + iced heeG ds ches eet ey 
Number of vinegar samples which proved to be not up to the 
REO AUAcOr WOl Ue LOuMAIMG, bpd. afore oe Sins os ee oeee'e es 


Total number of vinegar samples analyzed, ....... 


Total number of samples analyzed, .....6..:..22. 
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TABLE NO. 3. 


Which gives the number of suits and prosecutions commenced, 
termimated and pending, from January 1, to December 31, 1902, also 
vases commenced previous to and terminated during the year 1902. 


Cases Commenced During the Year 1902. 


=— = — : E = 

uo) Le} 

2 c 

S te E 

E : E 

° o o 

16) A, H 

= 
Tndersthe cheese act: OL, 1897, — sc acssrecccsceeeere sis sclteemelctee sieicteoricrersie OU | nereteletacurers 3 
Wrderthetlard act’ OL 1891) <5 ccisse Saliccme sei etelteileetecresielete me nicleteieitetstaielete 10 4 6 
Milk cases prosecuted under the milk act of 1901 and the pure | 

TOO ACE FOL TSO nick e Siess. Ss ciate iia avoterelara dyes tataterotapatataters aiavelees sts eralavela caters tetecels 66 18 48 
Under the oleomargarine: Act Of TOO i ciye cistecse.cmjercisssteretejsierstele nro 252 195 57 
Wmnder) the: pure! food: act Of § 189520 ace creterepeis otal retetaieieisreietstelere 346 235 111 
WMnder the repovated, butter facts of A901 sf aacctesier-testeraioteicisaretereisveter aie ssets 34 | 22 12 
Under thes vinegar jact, Of USOT (recess vorrei eatsiatertamtoiienie(eeists 25 | 14 pbk 
40/0): Ge enG eAceaeE Contr oaceac tinh coodericcubebedouEooNnonHod 736 448 248 


Cases Commenced Previous to and Terminated During the Year 1902. 


Wnder the lard act:of 18910 si. eee acer Aecsmapellshdgs: Sane ace te if 
Winder the milk act of 1901022542 sis reget ea auancuenes : (5 
Under the oleomargarine act of 1901,....:........ ae ere 57 
Under the pure {00d act) of L895. eas eee ee 41 


Under the renovated butter act of 1901, 


Total, aes 109 
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REPORT OF THE STATE VETERINARIAN. 


Harrisburg, December 31, 1902. 
Honorable John Hamilton, Secretary of Agriculture : 


Sir: I have the honor to present to you herewith a report of my 
work as State Veterinarian for the calendar year 1902. ‘Since it is 
impossible to separate the work that falls to me as State Veter- 
inarian and as Secretary of the State Live Stock Sanitary Board, [ 
also incorporate a review of the work of the Board. The volume of 
work for the year is greater than ever before. As the work of the 
State Live Stock Sanitary Board becomes better understood by the 
live stock owners of the State there is increased demand for the 
help that it alone can furnish. The Board is asked not only to take 
action and to make inspections in more instances than in the past, 
but it is also communicated with by persons in need of advice and 
assistance in respect to Sanitation and the care and management 
of live stock. The miscellaneous correspondence that is thus grow- 
ing up is becoming so large that it requires a great deal of time to at- 
tend to it and brings into prominence the question as to whether it 
may not soon be necessary to in some way curtail it or to enlarge the 
organization that is caring for it. 

There has been a noticeable diminution in the prevalence of most 
of the infectious diseases of animals during the past year; this is par- 
ticularly true in respect to tuberculosis of cattle and of anthrax and 
black-quarter. There has, however, been a slight increase in the pre- 
valence of glanders, hog cholera and rabies due, in respect to gland- 
ers and hog cholera, to the importation of diseased animals from 
other States. There is no State inspection of horses or swine com- 
ing into Pennsylvania and practically all of the outbreaks of glanders 
and hog cholera that occur here are due to infected animals from 
other States. It is possible, however, in every instance, to gain con- 
trol of and to eradicate outbreaks of these diseases, but in the case 
of hog cholera this may not be accomplished until considerable loss 
has occurred. In reference to rabies, the difficulty lies in the im- 
possibility of establishing an effective quarantine of dogs when it is 
necessary to do so to control an outbreak. A bill will be introduced 
in the coming Legislature having for its object the correction of this 
defect. The text of the proposed bill is given below under the head- 
ing or rabies. 
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Interest in the repression of tuberculosis of cattle constantly in- 
creases and the herd owners are more than ever determined to have 
their live stock free from this disease. The result has been that the 
Board has been called upon to make nearly four times as many in- 
spections as it is possible to make with the funds that are available 
for this purpose. It has thus been possible to make inspections of 
the worst infected herds and in this way to clean up many of 
the most dangerous distributing centers of the disease. 

During the summer, investigations were made of.the disease of 
cattle that has prevailed for several years among cattle pasturing 
in the wild, mountainous sections of the State. This disease has 
semetimes been called “mountain disease,” and it was generally sup- 
posed by the farmers of the regions in which it occurred to be due 
{0 poisoning by some unidentified plant. As a result of investiga- 
tions conducted with the assistance of Dr. S. H. Gilliland, it has been 
proven to be identical with the so-called “rinderseuche” of Germany 
and with haemorrhagic septicaemia, that has been recognized among 
cattle in Minnesota and Wisconsin. This very important discovery 
removes a cloud of doubt as to the cause of the loss of thousands of 
cattle. There are sections of the State formerly used extensively for 
pasturing cattle that for many years have been abandoned for this 
purpose, entirely on account of the prevalence of this heretofore un- 
identified disease. The means that it is necessary to take to control 
this malady are stated below. 

Dr. M. P. Ravenel has continued in charge of the laboratory of 
the Board and has supervised the production of all of the tuber- 
culin, mallein and anthrax vaccine used by the State Live Stock 
Sanitary Board. The quantities of these materials used are gradual- 
ly increasing as their value in the diagnosis or prevention of disease 
is becoming better known. By sending them out to veterinarians 
free of charge their use is encouraged, to the great sanitary advant- 
age of the Commonwealth. It is doubtful if an equal amount of 
good could be done by an expenditure several times as great in 
other directions. 

The recognition of the existence of an infectious disease must be 
the first step preliminary to its eradication. By assisting in the 
early diagnosis of infectious diseases, the laboratory of the Board 
renders most important assistance. The laboratory is being freely 
used by the veterinarians of the State, who send to it specimens for 
opinion and diagnosis. Heads of animals that have died of a dis- 
ease supposed to be rabies are sent to the laboratory in large num- 
bers. By the use of the new method of rapid diagnosis, that has re- 
ceived its chief development in this country in the laboratory of the 
State Live Stock Sanitary Board, and the Pepper Clinical Laboratory 
ai the hands of Dr. M. P. Ravenel and Dr. D. J. McCarthy, it is now 
possible to determine, with a high degree of accuracy, whether an 
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animal was afflicted with rabies or not. By means of this informa- 
tion it is possible to prevent much disease and loss of life and prop- 
erty. When a person is bitten by a dog that is possibly afflicted with 
rabies, it is of the utmost importance to that person that a diagnosis 
of the disease afflicting the dog shall be made promptly and ac- 
‘curately. If the dog was afilicted with rabies it is important that 
this shall be known so that the person that was bitten may adopt any 
precaution or treatment that may protect him from rabies. On the 
other hand, if the dog was not aiftlicted with rabies much discom- 
fort and terror are avoided by early knowledge of this fact. 

An important development during the year has been made in con- 
nection with the study of the immunization of cattle against tuber- 
culosis. A paper on this subject was presented to the Pathological 
Society of Philadelphia, on November 13, 1902, by Dr. 8S. H. Gilliland, 
Assistant Bacteriologist of the State Live Stock Sanitary Board, 
and myself. The text of the paper will be found below. It may be 
observed here that it has been possible in these experiments to 
immunize cattle against tuberculosis. The method is based upon a 
principle similar to that controlling the immunization of cattle 
against anthrax. It is necessary to make further experiments to 
develop this system before it can be applied practically on farms. 
‘vo do this a large experiment should be conducted under natural 
farm conditions; a herd of tubercular cows should be established 
and cared for as cattle are usually cared for on farms. The calves 
from such cows as they grow up should be vaccinated, with a view 
to endeavoring to protect them against tuberculosis. A number of 
healthy cattle should be added to such a tubercular herd, part of 
these should be vaccinated and the rest allowed to remain without 
vaccination, with a view to measuring and determining the value of 
protection afforded by vaccination under such conditions. It is also 
important that the shortest and simplest method of vaccination 
shall be determined, to the end that the system may be rendered 
as economica! as possible. Furthermore, it is important to know how 
long the immunity that is thus conferred will continue. It is hoped 
that the coming Legislature may see the importance of developing 
this system of protection against a most insidious enemy of cattle and 
will furnish the means for renting and using a farm as an experiment 
station for the thorough testing and development of this discovery. 

Nearly 60,000 doses of tuberculin have been made during the year, 
aod this, together with the mallein and anthrax vaccine that have 
been furnished, have value equivalent to the entire cost of running 
ue laboratory for the year, so that the special work of diagnosis, re- 
search and investigations that have been so fruitful for the past 
twelve months have been conducted at no cost to the State. That is, 
the laboratory and equipment by the use of which this work was done 
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earned enough money by the production of the biological products 
above enumerated to pay their cost of maintenance. Of course, none 
of these products were sold, but if they had not been produced in the 
laboratory it would haye been necessary for the State to pay for them 
as much as the laboratory cost. ’ 

The comparative study of tubercle bacilli from human and bovine 
sources has been continued and the latest report upon this subject 
by Dr. Mazyck P. Ravenel will be found below. It is believed that 
. the investigations upon which this report is based have been con- 
ducted for a longer time and are more comprehensive than similar 
investigations made in any other part of the world. As the work 
has been done with the utmost care there is reason to have confidence 
in the conclusions that are stated. 


Tu erculosis.— This is still the most widespread and dangerous 
disease among cattle in Pennsylvania. It is estimated that the 
losses from this disease amount to from $2,000,000.00 to $3,000,000.00 
a yeur. ‘his total is large, but it is believed to be a conservative 
estimate and upon analysis it will appear that it is by no means 
improbable. ‘There are in the State about 225,000 farms and an aver- 
age loss of $10 a farm would make a total of $2,250,000.00. If the 
average value of a dairy cow is $40, it will be seen that the loss of 
such a cow is equivalent to an average loss of $10 a farm for four 
farms; but it is not uncommon for ten cows to be lost as a result of 
tuberculosis; this means a total loss of $400, or an average loss of $10 
a farm for forty farms. In one herd this year, the losses from tuber- 
culosis amounted to $5,000, which is equivalent to a loss of $10 a farm 
for 500 farms. Undoubtedly, the losses from tuberculosis are now 
much smaller than they were a few years ago, and the disease is 
believed to be practically eradicated from many parts of the State; 
the parts where the herd owners themselves have taken the most 
active interest in repressing this scourge. But the losses are still 
very great and the disease is still often spread from herd to herd 
through the sale of tubercular catile. The distribution of disease 
that formerly resulted from this cause has been checked in so far as 
cattle fron outside of Pennsylvania are concerned. It is required 
that these, if intended for the dairy or for breeding purposes, shall 
be inspected before they are sold. The effect of this law is most 
beneficial and I reproduce here an analysis of its results based upon 
2 most liberal estimate as to the cost of its operation and a most 
conservative estimate of its value to live stock owners. The quota- 
tion is taken from my annual report for the year 1900. . 

“The increased cost of inspected cows is equivalent to the cost of 
the inspeciion. This averages about fifty cents per head. In order 
that all possible collateral expenses may be surely covered, the ex- 
treme figure of $1.00 per head may be taken as the basis for this 
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calculation. On 15,000 cows this means $15,000.00 expense or cost 
of inspection. Now, what is the gain? Since two and one-half per 
cent. of the cows examined are tubercular and are prevented from en- 
tering farmers’ herds, 375 cows are thus directly excluded. At the 
reasonable average of $40 per head this means that $15,000.00 worth 
of tubercular cows are denied sale in Pennsylvania. ‘That is, the 
purchasers of out of State cows pay $15,000.00 for the inspection, but 
save $15,000.00 that they would otherwise expend for tubercular 
cows. But this is not the only saving.. From two to three times 
as many tubercular cows would be brought into Pennsylvania and 
sold, were they not inspected, so that the direct saving may be 
safely estimated at $30,000.00. Moreover, many of these tubercular 
cows would spread infection and some of them would start dis- 
ease that would undoubtedly infect whole herds. (As one of many 
examples the Piollet herd was thus infected by a cow from New 
Jersey and 156 cattle became tubercular involving a loss of more 
than $6,000.00 on this single herd.) If each cow should infect 
an average of but one animal the loss would be doubled and would 
reach $60,000.00 per year. I believe that this estimate is most con- 
servative and that the money spent in testing cows from other 
States is the means of saving, to cow owners, at the very lowest, four 
times as much in direct loss from tuberculosis.” 


Several brilliant illustrations of the walue of the inspection of 
cattle from cutside of the State have been afforded during the past 
year. As an instance, in two car loads of cows from Virginia it 
was found that one-half were victims of rather well marked and ad- 
ranced tuberculosis. Notwithstanding this fact, these cows were 
offered for sale and would have been sold in Chester county if it had 
not been for the required inspection. As it was, they were returned 
to Virginia. Perhaps one of the most beneficial features of the in- 
spection law is its effect in causing cattle dealers to exercise great 
care in selection of cows to be shipped to Pennsylvania and especi- 
ally to avoid purchasing them in districts where tuberculosis is pre- 
valent. 

I wish to call attention again to a statement made in my report of 
Jast year, which, upon further consideration, 1 regard as entirely 
feasible and worthy of adoption. Last year it was put forward 
tentatively but now I am convinced that a plan such as pro- 
posed below would be of great value to the live stock interest of the 
State. 

“There is still much damage done by the sale of tubercular herds. 
When it becomes evident, through the death or debility of some of 
its members, that a herd is tubercular, some owners submit to the 
strong temptation to sell their eattle. They reason that, by so doing, 
they are violating no special law and that they will receive more for 
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their possibly diseased but still healthy looking cows than the State 
will pay, and they are escaping further loss. Of course there are man 
ifest draw-backs to conducting this sort of business in the locality in 
which one lives. So, such cows are usually sold to a dealer and 
are removed by him to some distant place, perhaps to another State. 
I believe that this sort of traffic should be discouraged by special 
legislation and by providing a safe market for tubercular cows. By 
a safe market, | mean such an outlet for them as exists in Switzer- 
land, for example. In that country, cows found upon tuberculin 
test to be tubercular are not destroyed if they are still in the earlier 
stages of disease, but they are marked by cutting a piece out of the 
ear in a eharacteristic way, so that every one may know that the cow 
is tubercular. Then the sale of cows so marked is not prohibited 
but, by the obvious mark that is every where understood, every one 
is warned that this cow must, for the safety of the owner and his 
herd, be kept in such a way that disease cannot spread from her. 
This is easily accomplished by keeping the cow ina stable apart from 
healthy cattle, by having her pastured apart from them and by heat- 
ing her milk to 165 degrees F. for ten minutes. Some of these 
tubercular cows when kept under these conditions continue to render 
useful service for two, three or even for four years. Cows that would 
be a source of great danger and loss in a herd may be kept in this 
way with profit. Their calves are almost always born healthy and 
may be reared in health if they are removed from their dams soon 
after birth, are kept away from tubercular cows and are fed on the 
heated milk of such cows or on the milk of healthy cows. If herds of 
cows in the early stages of tuberculosis were established, but only 
under inspection and quarantine, their milk could, with proper pre- 
cautions, be used for many purposes and such herds would furnish a 
safe outlet for the reacting cows from other herds.” 


It is regretted that the funds at the disposal of the State Live 
Stock Sanitary Board are not sufficient to enable it to inspect all of 
the herds that are offered for inspection, but since it is not possible 
to do this the plan is adopted to make an inspection where the need 
appears to be greatest; that is, where there is the strongest evidence 
of existing infection. Since, on account of the financial limitations, 
all herds cannot be tested with tuberculin where owners apply for 
inspection, it is necessary to rely upon a physical examination for the 
detection and removal of the more advanced and therefore the 
more dangerous cases. By means of this method of inspection 
cattle with advanced tuberculosis or tuberculosis of the udder can 
be detected. At the same time, advice is furnished as to the general 
jueasures that should be adopted to restrict the spread of tuber- 
culosis and also in respect to the improvement of the sanitary con- 
ditions surrounding the cattle. But tuberculosis cannot be fully 
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eradicated from a herd by means of this sort of inspection. It is re- 
sorted to for the purpose of removing the animals that are most 
dangerous at the time and thus afford a temporary relief until such 
time as it may be possible to make a complete inspection and tuber- 
culin test. 

During the year, about 16,000 cottle have been tested or other- 
wise inspected and of these 980 were found to be tubercular and 
were destroyed. The tubercular cattle were in 433 herds compris. 
ing 5,928 members. 

The following paper from the laboratory of the State Live Stock 
Sanitary Board on the intercommunicability of human and bovine 
tuberculosis by Dr. Mazyck P. Ravenel is printed here because it fur- 
nishes a full statement of what has been done and the conclusions 
upon the important subject of which it treats. The paper was read 
before the Pathological Society of Philadelphia, April 24th, 1902, and 
is reprinted from the proceedings of the Pathological Society for 
May, 1902. 


THE INTERCOMMUNICABILITY OF HUMAN AND BOVINE 
TUBERCULOSIS. 


BY MAZYCK P. RAVENEL, M.D., Bacteriologist of the State Live Stock Sanitary Board. 


I find it difficult to express adequately my deep sense of the honor 
which has been paid me by the invitation of your committee to give 
the address of the evening on this occasion. The Pathological So- 
ciety of Philadelphia has from its foundation had a most honorable 
position among the scientific bodies of the world, and has always 
stood for what is best and most advanced in the branch of medical 
knowledge to which it is particularly devoted. I have always felt 
it a high privilege to be able to inscribe myself a member, and to 
have the seal of the society put to such contributions as I have been 
able to make. More than this l never thought of aspiring to, hence 
the invitation to give this address was as unexpected as it was 
grateful to me. 

The hesitation which I naturally felt over accepting such a re- 
sponsible office was relieved, to a considerable extent, by the sug- 
gestion of your committee that I should speak on some phase of the 
tuberculosis problem, which has been an object of special study at 
the laboratory of the State Live Stock Sanitary Board of Pennsyl- 
vania, and in which I have had the constant advice and assistance 
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of Dr. Leonard Pearson, State Veterinarian of Pennsylvania, and 
Dr. S. H. Gilliland, first assistant. The work I am about to report 
from our laboratory is the result of our joint efforts, and I take 
pleasure in acknowledging my personal indebtedness to these co- 
workers. 

The past decade has seen the awakening of a wide-spread interest 
in the study of tuberculosis, the spirit of Oriental fatalism which 
has for so long led us to view with equanimity the awful loss of life 
annually inflicted by this great white plague having given away to 
an active campaign against its ravages, a campaign so far largely 
one of education, in which we strive to spread far and wide the 
fundamental facts that tuberculosis as a communicable disease, and 
from that fact, preventable. If preventable, why not prevented? 
With these precepts firmly implanted in the minds of the medical 
profession, as well as of the general public, we have reason to hope 
that each year will see a more careful study of the methods by which 
tuberculosis is spread and the means to be adopted for its preven- 
tion. On every hand societies for the prevention of tuberculosis are 
being formed whose object is to teach the truth concerning the dis- 
ease and to dispel those false notions, chief among which may be 
mentioned belief in the hereditary character of tuberculosis, which 
in the past have led us to regard the tribute of human life as inevita- 
ble. 

The intelligent prophylaxis against any disease demands a 
thorough understanding of the methods by which it is spread. The 
whole world is in accord in assigning the chief role in the propaga- 
tion of tuberculosis to the inhalation of particles of sputum thrown 
off by phthisical persons, the majority of the profession agreeing 
with Cornet in the belief that sputum is most dangerous when dried 
and pulverized, while others follow Fligge in regarding the moist 
floating particles thrown out during coughing, sneezing, etc., as most 
to be feared. The danger to mankind from tuberculosis of cattle 
has been discussed at a length and with a fervor not surpassed in the 
history of modern medicine. The immense practical importance of 
the subject to the medical profession, to those charged with making 
and enforcing laws for the preservation of the health of the commu- 
nity, no less than to every man, woman and child, justifies our deep- 
est interest, and most earnest studies. 

The relation that exists between human and bovine tuberculosis 
and the part played by cattle in spreading the disease among man- 
kind is now the great question, to which attention has been drawn 
with renewed activity by the attitude of Professor Koch, announced 
in his paper before the British Congress on Tuberculosis in July, 
1901. This paper was the more striking in that it contained state- 
ments diametrically opposed to the former teaching of Koch that 
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“Bovine tubeculosis is identical with human tuberculosis, and is 
thus a disease transmissible to man.’ This belief was the outcome 
of the experiments made by Koch at the time of his discovery of 
the tubercle bacillus, and has been generally accepted by the medi- 
cal and veterinary professions up to the present time. So much has 
been written of late on the subject that I will pass over minor differ- 
ences of opinion, and at once take up the consideration of the two 
main propositions which were formulated by Koch and which include 
all points of controversy in the discussion of the relation between 
human and bovine tuberculosis. 

1. “Human tuberculosis differs from bovine and cannot be trans- 
mitted to cattle.” 

2. Through the important question whether man is susceptible 
to bovine tuberculosis at all is not yet absolutely decided, and will 
not admit of absolute decision to-day or to-morrow, one is, never- 
theless, already at liberty to say that if such a susceptibility really 
exists the infection of human beings is but a very rare occurrence. 
1 should estimate the extent of infection by the milk and flesh of 
tuberculosis cattle, and the butter made of this milk is hardly 
greater than that of hereditary transmission, and, therefore, do not 
deem it advisable to take any measures against it.” 

I. The first of these propositions is susceptible of direct experi- 
mental investigation, and can, therefore, be answered positively with- 
out going into the domain of theory. Prof. Koch based this state- 
ment on the result of an insufficient number of experiments done 
by Prof, Shiitz and himself. A number of young cattle proved to be 
free from tuberculosis by the tuberculin test were infected in various 
ways with the bacilli of human origin or with tubercular sputum. 
“In some cases the tubercle bacilli or the sputum were injected un- 
der the skin, in others into the peritoneal cavity, in others into the 
jugular vein. Six animals were fed with tubercular sputum almost 
daily for seven or eight months; four repeatedly inhaled great quan- 
lities of bacilli, which were distributed in water and scattered with 
it in the form of spray. None of these cattle (there were nineteen 
of them) showed any symptoms of disease, and they gained consid+ 
erably in weight.” After six to eight months they were killed, and 
no trace of disease was found in the internal organs. Where the 
injections were made, small foci of suppuration had formed, in which 
there were found a few bacilli. 

Inoculations of a similar nature with bacilli from the lungs of an 
animal with bovine tuberculosis resulted always in rapid illness, 
ending often in death, while some were killed in a miserably sick 
condition after three months. In all cases there was extensive tu- 
berculosis, involving the internal organs, especially the lungs and 
spleen. 


-J 
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A similar difference in pathogenic power was found in feeding 
experiments.on pigs, where one lot of six received human tubercular 
sputum, and a second lot of six were given pure cultures of the bovine 
tubercle bacillus; and also in experiments on asses, sheep, and 
goats, where the inoculations were made with pure cultures of human 
and bovine bacilli into the circulation. 

Results similar to these in the main have been obtained by Smith, 
Frothingham, Dinwiddie, and at the laboratory of the State Live 
Stock Sanitary Board of Pennsylvania, and we may admit that, as 
a rule, cattle show a high degree of resistance to the human tubercle 
bacillus, and that for all experimental animals the bovine bacillus 
has a pathogenic power equal to the human bacillus, while for the 
great majority it is vastly more pathogenic; but this does not by any 
means show that man is not susceptible to infection by the bovine 
organism, and we have abundant proof that it is quite possible to 
infect cattle with the tubercle bacillus from human sources. 

The identity of tuberculosis as seen in man and cattle was held 
by Villemin, who believed he had proved the correctness of this view 
in his inoculation experiments, by which he showed conclusively that 
small animals like rabbits become tuberculous following the injec- 
tion of material from man as well as cattle. Chauveau’ was, how- 
ever, the first to make the attempt to infect cattle with tubercular 
material from man, and his success is Shown in the following abstract 
of his experiments: 

First SeRies.— /nfection by the Digestive Tract.—Three animals 
were used, and as controls there were three other similar animals 
which were infected with bovine material, and also three which 
were not infected at all, these last remaining free from tuberculosis. 
Those to which bovine material had been fed as well as those which 
received human material became tuberculous. At the autopsy it 
was impossible to distinguish one set from the other. In all of them 
the lesions provoked showed the same character. The individual 
histories of the three animals infected with human material are as 
foliows: 

1. A heifer, six months old, which received material from the lung 
of a young man dead of acute miliary tuberculosis. Two doses of 
an emulsion of this material were given morning and evening of the 
same day. It was killed on the fifty-seventh day, having lost flesh 
toa slight degree. The lesions were found almost exclusively in the 
abdominal cavity. In the small intestine there were more than two 
hundred tubercles varying from the size of a pea to that of the head 
of a pin. The liver contained upward of a dozen small tubercular 


masses on its surface. The peritoneum showed a marked eruption 
of tubercles. 
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2. A heifer, eleven months old, which received two feedings with 
an interval of two days, the material being taken in part from the 
lung of a child with acute miliary tuberculosis and in part from 
the lung of an adult with a marked chronic phthisis with caseation. 
The animal soon became sick, and during life tuberculosis could be 
detected. The submaxillary ganglion on the right side became en- 
larged about the fifteenth day, and increased steadily until the ani- 
mal was killed on the fifty-ninth day. The intestinal tract was only 
slightly involved, but the ganglia related to the first portion of the 
digestive tract showed marked lesions. The right submaxillary and 
the retropharyngeal glands were considerably enlarged and showed 
a ‘typical tuberculosis with some calcification. The principal lesions 
were found in the thoracic cavity. In the lung were a dozen dissem- 
inated foci mostly superficial, most of which showed caseous points 
on section. Microscopical examination showed them to be made 
up of a great quantity of lymphoid cells, with some giant cells. In 
the neighborhood of these masses and also in areas far from them 
were found diffuse tubercles developing into the alveolar tissue, as 
well as in the perivascular and peribronchial connective tissue. 
These young lesions showed exactly the same histologic structures as 
the larger ones. The bronchial and mediastinal glands were also 
markedly involved. 

3. A young bull, about ten months old, which received two feedings 
on two consecutive days, composed of an emulsion made from the 
lung of two persons who had died of chronic phthisis (caseous pneu- 
monia). After a diarrhea, which lasted several days, the animal 
showed marked illness, and lost flesh. It soon began to cough, and 
so marked were the symptoms that it was slaughtered on the thirty- 
fourth day. In the small intestine there was a marked eruption of 
tubercles extending from about the second portion of the jejunum 
to the end of the ileum. In certain portions the mucous membrane 
was converted into confluent tubercles. The most interesting lesions 
were found on the mucous membrane of the respiratory tract. In 
the jarynx and the upper part of the trachea were found masses of 
gray granulations. a few of which were red and ulcerated. 

Second Series.—/n fection by Intravenous Injection.— A calf, three 
mouths old, was inoculated into the jugular vein with 2 c.c. of an 
emulsion made from the lung of a child with acute miliary tuber- 
culosis. It was killed on the twenty-ninth day. The lesions were 
contined to the chest, the bronchial and mediastinal ganglia show- 
ing the most marked changes. In the lung, on section, there were 
found well-marked gray granulations accumulated in the interior or 
around the small bronchi, which they sometimes occluded entirely. 
This was well seen with the naked eye, but was better demonstrated 
in microscopical sections. 
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Third Series. —/nfection by Subcutaneous Inoculation.—Seven ani- 
mals were inoculated. For three animals the material used was ob- 
tained from fungus masses from the joints in cases of white swelling; 
for three others from acute miliary tuberculosis, and in one from the 
lung of a horse which had developed a marked pulmonary tuberculo- 
sis due to the intravenous injection of material from the lung of a 
man. In all cases a tumor developed at the point of inoculation, 
which Chauveau describes as being a tuberculous tumor altogether 
typical. The neighboring glands showed always more or less in- 
volvement, but in no cases was there any general infection. 


I have quoted these experiments at some length for the reason 
that they seem often to be overlooked, and for the further reason 
(hat they have recently been directly misquoted. Indeed, Koch him- 
self said in his address before the British Congress on Tuberculosis, 
“Tf one studies the older literature of the subject, and collects the 
reports of the numerous experiments that were made in former times 
by Chauveau, Gunther and Harms, Bollinger, and others, who fed 
calves, swine, and goats with tubercular material, one finds that the 
animals that were fed with the milk and pieces of the lungs of tuber- 
cular cattle always fell ill of tuberculosis, whereas those that re- 
ceived human material with their food did not.” 

Bollinger, in 1879, inoculated a young calf in the peritoneal cavity 
with material from a human lung. When killed after seven months 
the mesentery and peritoneal covering of the spleen presented a num- 
ber of tumors from the size of a pea to that of a walnut, and which 
microscopically were identical with those found in pearl disease 
under natural conditions. The retroperitoneal and mesenteric glands 
were tuberculous also. 

Klebs caused a tuberculosis of the peritoneum identical with that 
which is seen under natural conditions by the intraperitoneal injec- 
tion of human tubercular material. Kitt, also, is quoted by Pro- 
fessor Johne as having had a similar result accompanied with gen- 
eralized lesions following the intraperitoneal injection of the juice 
from a scrofulous gland taken from the neck of a man. 

Crookshank injected tuberculous sputum into the peritoneal cay- 
ity of a calf, causing death on the forty-second day. The autopsy re- 
vealed extensive disease. “Extending over the mesentery from the 
point (inoculation) there were hundreds of wart-like, fleshy new- 
growths, some quite irregular in form, others spherical or button- 
shaped. There were similar deposits on the under surface of the 
liver, on the spleen, in the gastrosplenic omentum, and on the peri- 
toneal surface of the diaphragm. On microscopic examination ex- 
tremely minute tubercles were found disseminated throughout the 
lungs and liver. Tubercle bacilli were found in these organs and 
in the peritoneal deposits,” 
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Sydney Martin fed human tuberculosis sputum to six calves. 
Four of these received each 70 ¢c.c. mixed with their food at one meal. 
They were killed after 33, 63, 85, and 285 days. The first three 
showed respectively 53, 63 and 13 tubercular nodulesin the intestine, 
while the fourth was entirely free. The two other calves were given 
440) c.c. of sputum at one feeding. One was killed after fifty-six days, 
and showed tuberculosis of the intestine and mesenteric gland. The 
other was allewed to live 138 days, and was free from disease when 
killed. 

At the recent Congress on Tuberculosis, Prof. Thomassen, of 
Utrecht, reported the following experiment: A calf four weeks old 
was inoculated in the anterior chamber of the eye with a pure cul- 
ture of the tubercle bacillus isolated from a case of tuberculous 
arthritis in man. An intense keratitis was set up, the cornea becom- 
ing so opaque that it was impossible to observe the alterations in 
the iris. It was killed after six weeks, and was found to be the 
victim of a pretty well generalized tuberculosis. Both lungs con- 
tained numerous miliary tubercles and some gray fibrous tubercles 
of larger size. The path of infection from the eye to the lung was 
mapped out by the condition of the subparotideal, cervical, medias- 
tinal, and bronchial lymph glands of the same side. 

Nocard states that by inoculation into the arachnoid cavity of 
a small amount of human tubercle bacilli a rapidly fatal tubercular 
meningitis is set up identical with that seen in children. A calf, five 
months old was thus inoculated by him on August 2, 1901, and died 
on the 28th of the same month, the pia mater being infiltrated with 
tubercles which proved virulent for guinea pigs. 

On the same day Nocard injected into the jugular of a cow which 
had become much reduced by chronic diarrhea, but which was free 
frem tuberculosis as shown by the tuberculin test, I c.c. of a suspen- 
sion of human bacilli. She died September 4th, and showed a num- 
ber of small foci, softened or caseous and extremely rich in tubercle 
bacilli. He considers that in this case the animal was so weakened 
by the pre-existing diarrhea that its normal resistance was largely 
destroyed. 

De Jong as the result of a series of comparative inoculations of 
human and bovine tubercle bacilli, states that seven cattle, namely, 
two calves six months old, three steers two years old and one eigh- 
teen months, and one calf seven or eight months old, all became 
tuberculous by the injection of pure cultures of the human tubercle 
bacillus. In only one of the seven was the disease graye and wide. 
spread; in four the lesions were retrogressive, and in the two remain- 
ing ones progressive. 

Arloing reports the following recent experiments: Three cultures 
of human origin were used, one of which had been under cultivation 
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since 1896. With this culture a heifer, two years old, and a young 
calf were inoculated intravenously. The calf was killed after thirty- 
two days, and showed a typical eruption of minute tubercles all 
through both lungs, but especially marked in the anterior lobes. 
The heifer was kept for one hundred and twenty days, and was only 
slightly diseased, the lungs and pleurae being involved. With the 
second culture, obtained from a case of pleurisy, a calf two and one- 
half months old was inoculated intravenously. Death ensued after 
seventeen days. The lungs alone were involved, showing many 
young nodules. The third culture was isolated from a case of pleu- 
ropericarditis, with involvement of the lungs, and with this a young 
bull convalescent from aphthous fever was inoculated intravenously, 
death resulting in thirty-two days. The thoracic cavity was prin- 
cipally involved, the anterior and middle lobes containing nodules 
throughout, and some lobules of the posterior lobes also. The 
bronchial and esophageal glands were tremendously enlarged, weigh- 
ing thirty-five kilograms. 

It may be objected to many of these experiments that the tubercu- 
losis resulting from the inoculation did not cause death nor even 
serious illness, and it is probable that some of the animals would 
have recovered entirely if allowed to live. Admitting freely the 
truth of this, it may be pointed out that under natural conditions 
many cattle infected with bovine tuberculosis will remain for years 
apparently in perfect health, so much so that detection of the disease 
is possible only by means of tuberculin. So, also, in man, many 
cases of tuberculosis rur a benign course, or remain stationary for 
years, while not a few end in recovery. Yet in man and in animals 
these benign cases may take on an acute form and end in rapid death, 
owing to some intercurrent affection which lowers resistance or per- 
mits the engrafting of a secondary infection. No one would hold 
that because of the benign course of the disease in the first instance 
that true tuberculosis did not exist. 


Transmission of Tuberculosis to Cattle from Phthisical Attendants. 
—There are on record a few instances of cattle becoming infected 
with tuberculosis through the sputum of phthisical attendants. In 
several of these the evidence is so clear as to leave no doubt that cat- 
tle art at times infected in this manner. Such instances have been 
reported by Cozette, Clique, Huon, director of the vacine lab- 
oratory at Marseilles, and Bong. In most of these cases the sputum 
was introduced into the digestive tract with the forage, as well as 
inkaled in the dry state, but in Huon’s animal the infection seems 
tu have been entirely through inhalation. 

Experiments at the Laboratory of the State Live Stock Sanitary 
Board.—I come now to speak of the work done at the laboratory of 
the State Live Stock Sanitary Board, the results of which you see 
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iilustrated in the specimens presented here for your inspection and 
study. I cannot but feel that these specimens possess an unusual 
interest and importance in the solution of a problem which is now 
engaging the attention of scientific men throughout the world, and 
which has been made the subject of special investigation by the gov- 
ernments of many countries. Our first successful attempt to infect 
cattle with human tuberculosis was made in 1898, when four calves 
of nearly the same age, four to five weeks old, received intraperi- 
toneally 10 c.c. of human tuberculous sputum, from different sources, 
but in all cases containing a large number of bacilli. One showed 
no ill effects except a slight rise in temperature, and the autopsy 
was entirely negative. 

Of the other three, two had persistent high temperature following 
the injection, but only one showed marked illness otherwise. Post- 
mortem examination proved that all had become infected with tuber- 
culosis, the lesions in two being quite extensive. I will give here the 
details of only the one which showed marked illness during life. 
The lesions were so extensive and typical that even the most skepti- 
cal must admit the success of the experiment, and I have here some 
of the organs for inspection. 

Calf No. 8050, aged four weeks, was inoculated on May 16, 1898, 
with sputum from an early case of pulmonary tuberculosis at the 
University Hospital. The sputum contained a large number of tu- 
bercle bacilli. Soon after the operation the temperature of the calf 
rose and continued high, with some remissions, until it was killed. 
Its appearance was bad, the coat dry and rough, the respiration 
rapid. It was tested with tuberculin, but the temperature was too 
high for results. It was killed on August Ist, weighing 190 pounds. 
On the surafce of both lungs there was a slight deposit of fibrin, and 
on section a number of hemorrhagic areas were observed in both. 
The mediastinal and bronchial glands were enlarged and congested. 
The abdominal cavity contained about 12 ounces of bloody serum. 
The peritoneum was thickiy studded over its entire surface with 
nodules from 1 mm. to 12 mm. in diameter, fibrous in character. In 
many places these nodules had massed together, forming tumors, 
some 5 cm. in diameter, which were dense and fibrous. The spleen 
contained many nodules, both on its surface and throughout its sub- 
stance. The whole omentum was thickly studded with nodules from 
2 mm. to 12 mm. in diameter, and besides which there were three 
large masses, dense and fibrous in character, two of which were 15 
cm. long by 7 cm. wide, and 12 mm. thick; and the third 7 cm. long 
by 6 cm, wide, by 4 cm. thick. The abdominal surface of the dia- 
phragm was thickly studded with nodules, fibrous in character. The 
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mesentery was thickened and contained many nodules of small size. 
The appearance was that of a typical case of grape or pear] disease. 
The mesenteric and mediastinal glands were enlarged and somewhat 
caseous. 

For several years past we have endeavored to obtain material from 
eases of tuberculosis in children in which there was evidence of in- 
fection through the ailmentary tract, reasoning that if children con- 
tracted tuberculosis through the ingestion of milk from diseased ¢at- 
tle we would be most apt to find bacilli of the bovine type in these 
intestinal or mesenteric lesions. So far only three such cases have 
come to us, all through the kindly interest of Dr. Alfred Hand, and 
in only one of these was the evidence of primary intestinal infection 
clear. We have isolated from the mesenteric gland of this child, the 
immediate cause of whose death was tubercular meningitis, a culture 
which has for cattle the most intense pathogenic power. Two calves 
inoculated into the jugular vein and peritoneal cavity died in nine- 
teen and twenty-seven days respectively; and a grown cow was in- 
oculated both in the jugular vein and peritoneal cavity died in eigh- 
teen days. All of these animals exhibited marked symptoms from 
the day of inoculation. Examination of the lesions, both macro- 
scopic and microscopic, leaves no doubt that the animals succumbed 
to a pure tuberculosis. The details of these cases are as follows: 


Llistory of Culture——Designated BB. Obtained from a child sev- 
enteen months old. Death was due to tubercular meningitis. ‘Au- 
tepsy: Lungs normal, except posterior part of the right upper lobe, 
which was consolidated, red on section, and had excess of connec- 
tive tissue. Bronchial and mediastinal glands not enlarged. 
Spleen, liver and kidneys show pearly tubecles. Two feet from lower 
end of ileum is an ulcer 1 cm. by 2 cm., the long diameter transverse 
io axis or gut. Nodules are seen on peritoneal surface. Four small 
ulcers, two above and two below, are found in ileum, Mesenteric 
glands enlarged, cheesy, and some purulent. Meninges show yel- 
low tubercles most marked along longitudinal fissure, in choride 
plexus and over cerebellum. The mesenteric glands were used in 
obtaining the culture. 

This case is considered by Dr. Hand the clearest one of primary 
intestinal tuberculosis ever seen by him. 

Guinea-pigs were inoculated intraperitoneally with an emulsion 
made from the mesenteric glands on March 9, 1901. One was chloro- 
formed on April 19th, and cultures made. Scanty growth on one 
tube was found on June &th, and subcultures made. 

Calf No. 26596, weight 132 pounds. Tested with tuberculin, but 
gave no reaction. On December 4, 1901, 5 ¢.c. of a suspension of the 
fifth and sixth generation of culture BB were injected into the right 
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jugular vein. On the next day the temperature had risen to 103.2 F. 
After a slight remission it rose to 103 degrees F. on the seventh day 
after inoculation, and continued to rise each day, reaching 106.4 de- 
grees F. by the fourteenth day, after wiich it fell slightly until death 
which took place on December 21st, seventeen days after inoculation. 
The animal showed marked illness during life, the respiration reach- 
ing 68 per minute. 

Autopsy.— The lungs and the related glands showed macroscopi- 
cally the most marked disease. Both lungs were thickly studded 
throughout, with remarkable uniformity, with miliary nodules giv- 
ing a sandy feel under the finger. The left was pneumonic, owing to 
the position of the calf for some time before death. Portions of the 
right were in a similar condition, sinking when placed in water. 
The bronchial and mediastinal glands were much enlarged and soft, 
and in the former small areas of caseation were found. 

The liver was large, soft, and friable. Several nodules were visi- 
ble on the surface, though not perceptible to the touch. The spleen 
sLowed very slight changes. The kidneys were normal. 

Calf No. 26597, weight 202 pounds. Tested with tuberculin, and 
gave no reaction. On December 4, 1901, 5 ¢.c. of a suspension of 
Culture BB of the fifth and Sixth generations were injected into the 
peritoneal cavity. The temperature rose to 105.2 degrees F. by the 
eighth day after injection, remaining very nearly the same until four 
days before death, when it began to fall, and reached 103 degrees F. 
on the day before death, which took place on December 31st, or 
twenty-seven days from the time of inoculation. 

Autopsy.— Great emaciation. Loss in weight thirty-seven pounds. 
The lungs were largely involved, though not uniformly. The cen- 
tral and posterior portions showed many areas deep red in color and 
solid to the feel. These were thickly studded throughout with min- 
ute grayish nodules. 

The suprasternal lymph glands were as large as goose eggs, and 
contained cheesy areas. The mediastinal glands were much en- 
larged, one being six inches in length by two inches in diameter. 
The peritoneal cavity contained about six quarts of straw-colored 
fluid. The peritoneum was everywhere enormously thickened, and 
practically converted into a tuberculous mass. In several places 
it was one-half an inch thick and fibrous. The omentum was also 
enormously thickened and bound over the surface of the liver. It 
contained a great number of nodules, dense andi fibrous, many with 
caseous centers. The liver was firmly adherent to the diaphragm, 
and on section showed many nodules. The spleen was firmly at- 
tached to the surrounding parts by a mass of partly organized fibrin, 
which contained many cheesy nodules. On section it appeared to be 
normal. 


116 ANNUAL REPORT OF THE Off. Doc. 


Cow No. 45030, about three years old, and weighing 660 pounds. 
On January 22, 1902, 24 ¢.c. of a suspension of Culture BB of the 
seventh and eighth generations were injected into the right jugular 
vein and the same amount into the peritoneal cavity. The tempera- 
ture rose to 103.2 degrees F. on the second day, then fell slightly 
during the next six days, after which it rose steadily, reaching the 
maximum, 107 degrees F., three days before death, after which it fell 
slightly, the animal dying seventeen days after inoculation. The 
lungs were mostly involved, both being thickly studded throughout 
with miliary nodules. Most of the left lung showed interlobular 
emphysema, while the inferior portion was much congested. On 
the omentum were numerous dark red spots which could be felt be- 
tween the fingers. The spleen was adherent to the diaphragm, and 
there were many punctate hemorrhages on the surface. The liver 
and kidneys showed no gross changes. 

What interpretation is to be given to these remarkable results? 
One of two propositions must be admitted: either we have found a 
human tubercle bacillus having a pathogenic power for cattle quite 
as great as any bovine germ, or else we have found in the mesenteric 
gland of a child the bovine tubercle bacillus. If we accept the law 
of diagnosis laid down by Koch, namely, the inoculation test, the 
latter is the true explanation. I, myself, am strongly of the opinion 
that this latter is the case for the following reasons: 

1. The history of the case as given by Dr. Hand of primary intes- 
tinal infection. 

2. Morphologically and culturally the organism corresponds more 
nearly to the bovine type as first defined by Dr. Theobald Smith, and 
later by curselves, than the human. 

3. The great pathogenic power for cattle. 

A second culture obtained from the mesenteric glands of a child 
has shown a virulence far in excess of that usually found in human 
cultures, through it falls short of Culture BB in pathogenic power. 
This culture, designated U, was isolated in December, 1900, and 
tested for guinea-pigs and rabbits. The results, together with its 
manner of growing and microscopic appearance, lead us to consider 
it a typical human culture. During the summer of 1901 it was se- 
lected for some feeding experiments on puppies, and showed a de- 
gree of virulence that was not expected. In December last, wishing 
to produce a slow tuberculosis in a dog, this culture was again em- 
ployed. The dog grew ill rapidly, and died in January, thirty-six 
days from the time of inoculation. Post-mortem examination re- 
vealed a typical and extensive tuberculosis and it was decided to 
inoculate a calf in order to test its virulence for the bovine race. -On 
March 4, 1962, Calf No. A 45046, weighing 74 pounds, was inoculated 
in the jugular vein with 6 c.c. of a suspension of Culture U, of the 
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twelfth generation, from glycerinagar, the suspension being equal 
in opacity to a twenty-four-hour-old culture of the typhoid bacillus in 
bouillon. The animal soon showed signs of illness, the breathing 
became rapid and labored, reaching 54 per minute. Extreme weak- 
ness and depression came on, and it passed much of the time lying 
down. On April 19, 1902, it was killed, death seeming imminent. 

Autopsy.— Weight 82 pounds. Condition fair. The anterior 
lobes of both lungs were thickly studded with minute nodules, aver- 
aging 1 mm. in diameter. Blocks from these lobes sank in water 
immediately. Both lungs were dense and solid to the feel through- 
out. The posterior lobes were air-bearing for the most part, but 
contained many solidified areas, which could be seen on the surface 
as well as on section. 

The bronchial and mediastinal glands were enlarged and wet. 
Scrapings from cut surfaces show an enormous number of tubercle 
bacilli. In the mediastinal glands many yellowish nodules were 
seen. The pleurae were normal. The liver was enlarged and firm 
te the touch. No distinct nodules could be seen by the naked eye, 
but throughout the substance yellowish areas were found in large 
numbers. The surface appeared marbled. 

The spleen was enlarged and very firm, but no nodules could be de- 
tected. The kidneys showed numerous whitish areas on the surface, 
which were found to extend quite deeply into the cortex. On sec- 
tion many yellowish nodules were seen. The tissues of the kidneys 
were much stained with bile, and the pelvis contained a gelatinous 
o” viscous material showing the same pigment. The peritoneum was 
normal, 

Microscopie Examination —The solidified portions of the lungs 
contained large areas which are not air-bearing, the alveoli being 
completely filled with leukocytes and epithelium, or epitheloid cells. 
The small bronchi are filled by an exudate made up largely of leuko- 
cytes. The central portions of the nodules stain poorly, and frag- 
mentation of the nuclei of the cells is seen, but no distinct caseation 
can be found. In sections stained with carbol-fuchsin innumerable 
tubercle bacilli are seen. In other parts of the lungs which are still 
largely air-bearing, minute nodules are found in large numbers hay- 
ing the same general characterists as those just described. Through- 
out the sections many tubercle bacilli are seen, and in the nodules 
they are in clusters. In the liver no typical tubercles are found, 
but there are many minuate nodules made up of round cells, and on 
the borders of these a considerable number of giant cells with peri- 
pheral nuclei occur. Sections stained with carbol-fuchsin show 
large numbers of tubercle bacilli clustered in these areas. 

The spleen shows round-cell infiltration, giant cells, and) many 
tubercle bacilli. 
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The white areas in the kidney described above show a round-cell 
infiltration and large numbers of tubercle bacilli. The bronchial 
glands show areas of beginning caseation, a few giant cells, and in- 
numerable tubercle bacilli. 

This calf showed a well-marked tuberculosis, proving that the cul- 
ture with which it was inoculated had a degree of virulence above 
that usually found in cultures of human origin. Our experience with 
this culture leads us to believe that the usual method of employ- 
ing only guinea-pigs and rabbits in testing the virulence of the tu- 
bercle bacillus does not always give entirely conclusive results. Un- 
fortunately, the expense attending the use of larger animals hinders 
their more general employment. 

History of Culture U.—Obtained from a child, aged three years, 
whose death was due to tubercular meningitis. Autopsy: Lungs and 
bronchial lymphatic glands full of miliary tubercles. Anterior 
mediastinal glands much enlarged. Spleen extensively involved, 
liver less so. On the abdominal surface of the diaphragm were a 
number of flat, yellow nodules. Mesenteric glands enlarged, and 
contained old, yellow, cheesy nodules. One small tubercle found in 
the right suprarenal. Purulent and cheesy nodules found in meninges 
and encepralon. The cultures were obtained from the mesenteric 
glands. 

The pathologist, Dr. Hand, was unable to decide with certainty 
as to the origin of this case. 

Increase of Virulence by Successive Passage through Calves.— 
In another experiment instituted by Dr. Leonard Pearson we have 
proved that a typical tuberculosis can be produced in young cattle 
by large and repeated doses of a human culture of moderate viru- 
lence; and what is even more interesting and important, by succes- 
sive passages through calves we have succeeded in bringing about a 
marked increase in the virulence of this culture. The culture em- 
ployed was isolated from human sputum in September, 1899, and is 
designated “M.” The animals were inoculated at intervals of a 
week, the amount of culture being divided into four equal portions, 
which were injected into the jugular vein, the lung, the peritoneal 
cavity, and under the skin. Each week the dose was increased by 
1Ore.e: 

Two calves were infected in this manner, Nos. 26562 and 26563. 
With the tissues of No. 26562 the serial inoculations were begun, the 
details of which, with the postmortem examination of the animals, 
is given below. The result is shown in the following table: 
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Calf No. 26562, weight 210 pounds. The first inoculation was made 
on September 6, 1901, and thereafter at intervals of a week, until 
December 16th. Each time the total amount was divided into four 
equal parts and injected subcutaneously, intraperitoneally, into the 
lung, and into the jugular vein. The commencing dose was 10 ¢.c. 
of an emulsion equal in opacity to a twenty-four-hour-old bouillon 
culture of the typhoid bacillus, the total amount given being 925 c.e. 
The temperature rose after each injection, and remained high for 
two days, then fell gradually, though normal was never reached. 
About five weeks after the first injection the calf began to cough. 
This cough grew steadily worse until death, being most marked on 
the day following each injection. Respiration grew labored, and 
the animal lost flesh. By December 15th it was markedly ill. Death 
took plaee during the night of December 21st. 

Autopsy.— Considerable emaciation. The lungs were hard and 
firm to the touch. The various sites of inoculation could not be de- 
tected, and there were no abscess cavities nor scars. The lungs were 
dense throughout and heavy, through sections floated in water. The 
bronchi, especially the smaller ones, were filled with a tenacious 
mucus, in which many tubercle bacilli were found. An emulsion 
made from one of them showed many tubercle bacilli. The medias- 
tinal glands were large and soggy, but no nodules could be fotind. 
The bronchial glands were enlarged, and a few caseous points were 
found. An emulsion made from one of them showed many tubercle 
bacilli. ‘The mediastinal glands were large and soggy, but no 
nodules could be found. The liver was attached to its capsule at 
points which were the sites of flat, yellowish nodules, from 2 mm. to 
5 mm. in diameter. On section tuberculous areas of considerable 
extent were found, reaching from the surface to a depth of 3 cm. 
The spleen was much enlarged and very soft. On the surface were 
a number of flat fibrous new-growths. The kidneys showed no 
changes. The omentum was much discolored, having a dirty, brown- 
ish appearance, and in parts much thickened. It contained upward 
of 100 nodules of 2 mm. to 6 mm. in diameter, some gray, some white, 
and some hemorrhagic. Some had the appearance of beginning 
“grape” formation. ‘The mesentery presented the same appearance. 
Its glands were enlarged and wet, but no cheesy nodules could be 
fonnd. On the parietal peritoneum were a large number of pearly 
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nodules, 2 mm. in diameter, and a few sessile new-growths, some of 
which were hemorrhagic, and had fringes of fibrin hanging from 
them. Microscopic examination of the tissues showed the spleen 
and kidneys to be free of tubercles. In the lungs the greater part 
of both is made up of conglomerated tubercles which show very little 
central caseation. The alveoli are completely filled with desqua- 
mated epithelium, leukocytes, and epitheliod cells. There is a 
marked bronchitis. 

Calf No. 26563, weight 165 pounds. The first inoculation was 
made on September 6, 1901, and thereafter weekly until December 
16, 1901, when an interval of nineteen days was allowed to elapse, 
the inoculations being resumed on January 4, 1902. The method of 
inoculation was the same as for Calf No. 26562. Death took place 
January 22, 1902, the total amount of the suspension of the culture 
given being 1400 ¢.c. The condition of the animal following the in- 
jections correspond closely with Calf No. 26562, its survival being 
somewhat more prolonged. 

Autopsy.—Weight 186 pounds. Considerable emaciation. The 
lungs were firm and non-elastic to the touch. The points of inocu- 
lation could not be detected either in the pleurae or in the lungs, ex- 
cept at one point, where a small pus cavity, 1 cm., was found near 
the surface of the right lung, the pus containing many tubercle 
bacilli. No district nodules could be found in either lung, but both 
were much increased in solidity throughout through sections would 
float in water. The bronchi were filled with a tenacious mucus. The 
pleurae were roughened by bands of fibrin, which extended to the 
lung, attaching the inferior borders especially to the chest-wall. 
The bronchial and mediastinal glands were much enlarged, and the 
latter contained many caseous nodules. In the abdominal cavity 
all the organs were attached to the peritoneum and to each other by 
bands of fibrin. The liver was firmly adherent to the diaphragm. 
Over the surface were fifty to sixty whitish, flat nodules, 5 mm. to 100 
mm. in diameter some of them extending deeply into the substance 
of the organ. On section caseous areas were seen. 

The spleen and kidneys showed slight changes only. The parietal 
peritoneum was rough at many points and had fringes of fibrin at- 
tached to it. Scattered over it were a large number of gray nodules, 
2mm. to 5 mm. in diameter. 

Microscopic examination showed no well-defined tubercles in the 
spleen and kidneys. The liver showed many areas of necrosis. In 
the lungs were masses of conglomerated nodules, most of which did 
not show marked central caseation. Numerous giant cells were 
found. The alveoli are filled with desquamated epithelium, leuko- 
cytes, and epithelioid cells. There is a marked bronchitis. 
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Calf No. 45020, six months old. On December 23, 1901, 8 c.c. of 
an emulsion made from the bronchial gland of Calf No. 26562 were 
injected into the left lung, and the same amount into the peritoneal 
cavity. The emulsion showed many tubercle bacilli. By January 
15, 1902, the calf was markedly ill, and breathing was increased in 
rapidity. These symptoms increased steadily, the temperature rang- 
ing from i104 degrees I. to 105.5 degrees F. About February Ist the 
temperature began to fall, and at the time of death, February 9th, 
was subnormal. 

Autopsy.— Much emaciated. Both lungs were a dark red, and 
were thickly sown throughout with miliary nodules. The left lung 
was adherent to the chest-wall over a large part of its surface. On 
separating it many tubercular new-growths were seen, between 
which the pleura was smooth. At the point of inoculation was an 
abscess cavity 4 cm. in diameter. The pus contained many tubercle 
bacilli and staphylococci. On the lung over the abscess, and bind- 
ing it lighily to the chest-wall, was a layer of fibrin, of cream-white 
color. Along the backbone was a chain of enormously enlarged 
glands fitting into the spaces between the ribs, and extending from 
the first rib to the diaphragm. These were filled with caseous areas. 
The mediastinal glands were enlarged and showed many caseous 
areas. Most striking was the condition of the omentum, which had 
been converted into a mass of tubercular new-growth, made up of 
conglomorate nodules. Ht varies in thickness from 1 cm. to 3 em. 
The nodules are grayish-yellow, fibrous, and show central caseation. 
The liver shows numerous yellowish nodlues, both on the surface and 
on section. 

The spleen has on its surface a number of flat, fibrous news- 
growtihs, but no nodules are seen on section. 

The kidneys are normal in appearance, but a few nodules appear 
ou section. 

Microscopic examination shows the lungs to be thickly sows 
with minute tubercles. Sections stained with carbol-fuchsin show 
innumerable tubercle bacilli clustered mainly in these nodules. 
The liver contains many necrotic areas in which many tubercle 
bacilli are found. The spleen contains a considerable number of 
necrotic areas. The flat new-growths are tuberculosis. The kid- 
nevs show only a few tubercles, which contain innumerable tubercle 
Vacilli. 

Calf No. 45035, aged nine weeks, weight 130 pounds. February 
11, 1902, inoculated into its right lung and peritoneal cavity with an 
emulsion made from the omentum of Calf No. 45020, 5 ¢. e. being in- 
jected into the lung, and 8 ce. c. into the peritoneal cavity. The tem- : 
perature rose on the day after the inoculation, and reached 107 de- 
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grees F. on the third day, after which it fell, and ranged from 104 de- 
grecs F. to 106 degrees F. until a few days before death, when it fell 
slightly, going as low as 101.4 degrees F. on the day of death. Breath- 
ing had become labored ten days before death, and the appetite failed 
a week before death, which took place March 6. 

Autopsy.— Weight, 97 pounds. Condition, fair. The right lung 
adherent to chest-wall throughout. When separated a layer of 
fibrin containing many tubercular masses of new-growth is seen. 
At the point of inoculation is an abscess cavity 4 cm. in diameter, the 
pus containing many tubercle bacilli and a gas-forming bacillus of 
the colon group. Both lungs were filled with a multitude of minute 
nodules, and some areas showed extensive caseation. The medias- 
tinal and bronchial glands were very much enlarged and caseous. 

The liver, spleen, and kidneys were normal in appearance. 

The omentum contained a very large number of discolored, red- 
dish areas, which were thickened, hard, and of sandy feeling. 

Microscopic Examination —The lungs are studded with minute 
tubercles. The liver contains many small areas of necrosis. The 
spleen shows a number of areas of commencing necrosis. The kid- 
neys are normal. 

Calf No. 45047, aged six weeks, weight 72 pounds. Inoculated 
March 7, 1902, with an emulsion made from the lung and bronchial 
gland of Calf No. 45035, 5 ¢. c. being injected into the right lung, 
and 5 c. c. into the peritoneal cavity. The temperature rose to 104.8 
degrees F. to 106 degrees F. for ten days, then fell slightly until 
death took place, on April 1, 1902. 

Autopsy.— Weight, 65 pounds. Considerable emaciation. Both 
lungs are studded throughout with miliary nodules. The right lung 
is firmly attached to the chest-wall for its entire surface, and at the 
point of inoculation is an abscess 4 cm. in diameter, which contains 
a milky fiuid pus in which are curdy masses. The pus contains many 
tubercle bacilli and other bacteria, but no streptococci. The left 
lung is attached to the chest-wall for a third of its surface. Over 
the unattached surface is a layer of fibrin, 1 mm. in thickness. The 
chest-wall corresponding to this fibrin is thickly studded with 
minute gray nodules. The pericardium is attached to the lung. The 
heart shows numerous yellowish tubercles scattered over the ven- 
tricles, as well as the auricles, and especially numerous on the au- 
ricular appendage. They are seated in the visceral layer of the 
pericardium. 

The bronchial and mediastinal glands are enlarged and soggy, 
but no nodules can be found. 

The omentum contains innumerable minute pearly nodules, and 
many red, fleshy, highly vascular new-growths. 
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The mesentery of the large as well as small intestine contains in- 
numerable pearly nodules. The mesenteric glands are normal in 
size and appearance. Along the abdominal aorta and brim of the 
pelvis are twelve to fifteen glands from 5 mm. to 15 mm, in diameter, 
yellow in color, but none caseous. 

The liver is adherent to the diaphragm. On the surface, as well 
as on section, many yellowish nodules can be seen. 

The spleen is thicker than normal and very firm. On the surface 
a few fibrous new-growths are seen. 

The kidneys appear normal, but each has a layer of the peritoneum 
attached to it, which contains innumerable gray nodules, averaging 
1 mm. in diameter. 

Microscopic Examination.—Lung not examined. The liver con- 
tained many minute areas of necrosis. The kidneys contain a con- 
siderable number of minute tubercles, with central necrosis, situated 
for the most part immediately under the capsule. 

‘Another animal was inoculated in the same manner with the 
tissues of this calf, which is still living.* Guinea-pigs have also 
been inoculated in order to recover a pure culture, so that any 
changes that have taken place may be studied. We feel, however, 
that we have demonstrated a great increase in virulence in this cu}- 
ture, obtained from sputum, by the several passages through calves. 

Our own experiments, as well as those quoted from others, demon- 
strate that Koch’s statement that human tuberculosis cannot be 
transmitted to cattle is erroneous and untenable. 

Il. In the second proposition Professor Koch calls in question the 
possibility of the transmission of tuberculosis from cattle to man, 
and holds that if such transmission ever does take place it is a very 
rare occurrence, so rare, indeed, as to render superfluous any meas- 
ures of precaution against it. 

In the solution of the problems here involved we are of necessity 
deprived of experimental data, so must gather evidence from every 
possible source, collate and weigh it carefully, in order to draw fair 
conclusions. 

In the first place, we may well ask if tuberculosis in cattle is 
marked by any specific features which differentiate it from tuber- 
culosis in man, and which would make it improbable that the two 
were intercommunicable. I will not attempt here to go into a dis- 
cussion of all the forms of bovine tuberculosis or to compare it- 
minutely with the disease in man. The chief differences are: (1) 
The marked tendency to calcification rather than the caseation seen 
in man; (2) the formation of extensive new-growths in the serous 
membranes, such as the pleurae and peritoneum. 


*This calf, No. A45073, died three days after the reading of the paper, or twenty-four 
days after inoculation. There was typical and extensive tuberculosis, 
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These growths assume wart-like, or cauliflower, or grape-like 
shapes, from which the names “perlsucht,” “pearly disease,” “pom- 
meliere,’ and “grape disease,’ as applied to bovine tuberculosis, 
are derived. 

In cattle, as in man, the lungs are the chief seat of the disease. 
In about half of all cases the lungs and serous membranes are simul- 
tancously affected; the lungs alone in about one-third, and the serous 
inembrane alone in about one-fifth. 

Since 1863 Virchow has insisted that the two tuberculosis were 
distinct, an uttitude reaffirmed by him in his latest publication, his 
chief point being that we cannot call anything tuberculosis which 
does not show the true histologic tubercle, whether or not the tis- 
sues contain tubercle bacilli and show changes due entirely to them. 
Although imsisting so strongly on this distinction, which is not 
held by all pathologists, Virchow does not accept Koch’s conclu- 
sions, and says that in the postmortem examinations at the Charité 
several cases have been found showing an unusual peritoneal tuber- 
culosis, with enormous growths, such as are seldom seen in man. 
These cases he regards as being possibly of bovine origin through 
food. 

The histologic identity of human tuberculosis and pearl disease 
was first demonstrated by Schitippel and his work has been sup- 
plemented by Baumgarten, who has observed characteristic case- 
ation such as occurs in the human tubercle, take place in the nodules 
of pearl disease, “in a typical form and with like regularity.” The 
process is often obscured by rapid calcareous changes which, he 
justly remarks, are terminal, and have nothing to do with the actual 
disease, and which, furthermore, are often seen in human tuber- 
culosis. On the other hand, it has repeatedly been shown that 
typical miliary tuberculosis can be produced in cattle by the bovine 
bacillus, and as seen in the specimens before you the same result 
may be brought about at times by the human bacillus. In fact, ex- 
perimental tuberculosis in cattle induced by inoculation with the 
bovine tubercle bacillus is usually of the miliary type, and only ex- 
ceptionally assumes the form consideréd typical of the natural bo- 
vine disease. In this connection Hueppe very aptly calls attention 
to the fact that Koch in his experiments with the bacilli of bovine 
tuberculosis produced in cattle “only tuberculosis, but not the tuber- 
culosis of the pleura peculiar to the ox—the so-called perlsucht; his 
experiments, therefore, in the sense of his special interpretation, 
did not even prove that bovine tuberculosis affects the ox.” It has 
further been shown by Troje, and by Dr. Theobald Smith, that pearl 
disease may be produced in rabbits by the human tubercle bacillus. 
Troje has observed one case of pearly disease affecting the pleura 
im man. 
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The differences noted between tuberculosis of man and tubercu- 
losis of cattle are scarcely greater than those noted between the 
latter and tubrculosis of swine, yet nothing is easier than to infect 
swine with the milk or other products of tuberculous cattle. The 
infection here is by natural methods, and in fact is most often noted 
where nothing was further from the wishes or intentions of the un- 
conscious experimenter. The origin of the infection is unquestion- 
ably bovine, yet the disease produced differs markedly, but not es- 
sentially, from that seen in cattle. The evidence then leads us to 
conclude that such differences as are commonly scen between human 
and bovine tuberculosis are in no sense essential. 

Bacteriologic Evidence. Morphology and Cultural Characteristics 
of Human and Bovine Tubercle Bacilli.—That there were certain 
differences to be observed in cultures of the tubercle bacillus isolated 
from maa and from cattle was shown by Dr. Theobald Smith in 1896, 
who contirmed his first observations in 1898, his human cultures being 
almost always obtained from sputum. <A study similar to Dr. Smith’s 
has been carried on at the laboratory of the State Live Stock Sanitary 
Board of Pennsylvania for several years, the material for the cul- 
tures being obtained from divers sources. With one exception, which 
was isolated from sputum, all the human cultures have been ob- 
tained from internal organs, especially the lungs and mesenteric 
glands. Two of the bovine cultures have been found in milk, the 
others coming from internal organs or glands. The result of our ob- 
servations, which have agreed closely with those of Dr. Smith, is as 
follows: The morphology of the bacilli in cultures of bovine origin 
is more uniform and constant than in cultures from man. The bovine 
bacilli are thick, straight, and short, seldom more than two inches in 
length, and averaging less. In the early generations many indivi- 
duals are seen which are oval, their length not more than double 
their breadth. They stain evenly and deeply with carbol-fuchsin, 
beading being almost always absent from young cultures and often 
from old ones. 

The human bacilli are, as a rule, much longer from the start, and 
tend to increase in length at once in sub-cultures. They are gen- 
erally more or less curved, some cultures showing S-shaped forms. 
They stain less intensely with carbol-fuchsin, and beading is gen- 
erally seen, even in early growths. 

The above characteristics are most marked and most persistent 
in cultures grown on blood-serum. On glycerin agar, glycerin bouil- 
lon, and glycerin potato the bacilli from the two sources approach 
each other in cultural features and morphology much more closely, 
and by continued cultivation the differences tend to become obliter- 
ated. Bovine cultures are more difficult to isolate than human, are 
apt to grow as discrete colonies in the first culture, and for several 
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generations are likely to grow in an exceedingly thin layer which 
resembles ground glass closely. The optimum temperature as well 
as the thermal death-point are practically the same. 

The human bacillus, as a rule, grows more easily and abundantly 
from the first, and will grow well on glycerin agar in sub-cultures 
made directly from the original growth on blood-serum. All at- 
tempts to obtain a like result with the bovine organisms have failed. 

The morphologic distinctions tend to disappear also in the tis- 
sues of susceptible animals. We may inoculate a typical bovine 
culture, and in a very short time scrapmgs from the various organs 
will show long and very much beaded baciili. 

The most striking dissimilarity is, however, seen in the action of 
the bacilli from the two sources on animals. By whatever method 
of inoculation, the bovine bacillus, as a rule, possesses a very much 
greater pathogenic power than the human bacillus for all animals 
on which it has been tried, the only exceptions being possibly those 
animals, like guinea-pigs and swine, which are so extremely suscep- 
tible to both types that it is hard to draw any distinction between 
them. This was the case with swine inoculated by feeding in our 
own experiments, but Koch and Schiitz found that for swine also the 
bovine bacillus was much more active. The list of animals for which 
this increased virulence has been proven inciudes horses, cows, asses, 
sheep, goais, dogs, cats, rabbits, guinea-pigs, and recently the same 
thing has been shown to hold true for man’s relative, the monkey, by 
de Joung de Schweinitz and Schroeder, and ourselves. 

in our own experiments two monkeys inoculated subcutaneously 
with Culture L, obtained from milk, died on the thirty-seventh and 
thirty-third days, while the corresponding pair of the same species, 
and as nearly the same weight as possible, inoculated with Culture M, 
from human sputum, lived fifty-four and ninety-six days, respectively, 
the last being chloroformed in a moribund condition. Two other 
monkeys which were inoculated by feeding five times with the same 
cultures smeared on banana, lived forty-two and ninety days, respec- 
tively. The postmortem examinations showed for the animals which 
received the bovine cultures a more active invasion and more acute 
process. 

What has been said concerning the greater pathogenic power of 
the bovine organism has, I think, been proven beyond question to 
be the rule. It must be borne in mind, however, that what we speak 
of as virulence is a very variable quantity, no micro-organism being 
known which always shows the same degree of pathogenicity. The 
tubercle bacillus isolated from cattle varies in its pathogenic power 
considerably, though not perhaps to such an extent as those obtained 
from human sources. Among the latter we find some cultures which 
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have feeble action even on the most susceptible animals, like guinea- 
pigs,” while others are most actively virulent. Besides Culture BB, 
described in this paper, cultures of exalted virulence have been iso- 
lated from man by Vagades and Lartigau. Whether or not these 
cultures were in reality the bovine organism which had infected man 
we cannot say now. At present our knowledge is so restricted in 
the matter of differentiation that we must designate the cultures 
human or bovine according as they are isolated from man or from 
veattle. The dictum of Koch that inoculation of cattle will infallibly 
distinguish one from the other cannot be accepted offhand, as it is 
far from proven that virulence for cattle is a fixed and constant char- 
acteristic. Prof. McFadyean says: “If a low degree of virulence 
for cattle is to be taken as the distinguishing feature of human ba- 
cilli there will be no difficulty in proving that human disease is 
sometimes transmitted to the lower animals.” 

Has the Bovine Tubercle Bacillus more Pathogenic power for Man 
than the Human Bacillus ?—In trying to interpret the results ob- 
tained by inoculation of animals we are forced to ask ourselves 
whether or not they are applicable to man also? Having proven that 
for practically all experimental animals the bovine tubercle bacillus 
possesses, as a rule, a much greater pathogenic activity than the 
human, is it fair to conclude that this increase of virulence will 
hold good for man also? Until the contrary is proven, or until 
good reason for believing the contrary is shown, I feel that this must 
be our conclusion. This matter opens up a most fascinating field for 
speculation, in which we meet with many apparent contradictions; 
and until we gain a better understanding of immunity in general we 
cannot speak dogmatically, but must stick to ascertained facts in 
each individual case. Virulence is a factor which is relative to the 
subject, and exaltation of virulence for one species of animal does 
not necessarily prove an increased power for other species. Indeed, 
the reverse is sometimes true. For example, the strptoceccus is said 
to become increased in virulence for mice by successive passages 
through these animals, but less virulent for rabbits. So, too, the 
bacillus of “rouget du pore,” though but slightly pathogenic for rab- 
bits, rapidly acquires a high degree of virulence for them by succes- 
sive passages; but when this has taken place we find that all viru- 
lence for swine, from which it came in the first place, has disappeared. 
Large doses do not even make them ill. 

Admitting freely all these facts, we must regard them as excep- 
tional, for it is a firmly established rule in bacteriology that when 
the virulence of a pathogenic organism is increased for one animal 
it is increased for all that are naturally susceptible to its action 
as well as for those in which the disease is known only experi- 
mentally. 
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That as regards man a result analogous to that seen in the strep- 
tococcus, or the bacillus of “rouget du proc,” bas not taken place by 
the residence of the tubercle bacillus in the tissues of cattle is proven 
by the cases of accidental inoculation of man with the bovine bacillus 
as well as by the cases observed clinically in which tuberculosis has 
followed the consumption of tuberculous milk. The tubercle bacillus 
is unique in the extent of its pathogenic activity, both by direct ex- 
perimental inoculation as well as by infection under what may be 
considered more or less natural conditions. The list of animals in 
which tuberculosis occurs in parks and zoological gardens is appall- 
ing, the discoveries of Dubard and others showing that not even the 
cold-blooded animals are exempt from this universal scourge. While 
it may be said of the tubercle bacillus that in cultures in the labora- 
tory it is unusually tenacious of its characteristics, it is certain that 
in nature it has a wide range of adaptability as a pathogenic agent. 
Hence, for the tubercle bacillus, perhaps, more than for any other 
known microbe, we are justified in believing that an exaltation of 
virulence for practically all experimental animals will hold good in 
the case of man also. 

Accidental Inoculation of Man with the Bovine Tubercle Bacillus.— 
While we cannot determine the virulence of the bovine tubercle ba- 
cillus for man by direct inoculation, we are, nevertheless, not without 
some information on this point, owing to the accidental inoculations 
observed from time to time. Four such cases have been reported to 
this Society, accompanied in three instances by the exhibition of the 
specimens. 

Similar cases have been reported by Tscherning and Pfeiffer, 
the latter ending in general infection and death. : 

Dr. M. B. Hartzell has also observed two cases in which the 
bovine origin of the infection was not absolutely proven, though 
certainly highly probable, both occurring in healthy men who were 
employed by one of our large railways to clean and repair cattle cars. 
In both a well-marked tuberculosis of the skin of the verrucous type 
followed slight wounds of the back of the hand inflicted by broken 
timbers. One man recovered under local treatment, but the other 
died after about a year through involvement of the lungs and other 
organs. This patient was a robust man, aged forty-four years, 
weighing 175 pounds, with good personal and family histories. Dr. 
Hartzell felt that he was able to exclude with reasonable certainty 
any other source of infection. The death of Mr. Thomas Wally, Prin- 
cipal of the Royal Veterinary College, of Edinburg, is also attributed 
to infection gaining entrance through a wound received while mak- 
ing an autopsy on a tuberculous cow. 
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The interest which has been aroused by Professor Koch’s paper 
has brought out numerous reports of such cases, which are now be- 
ing published to show that man has something to fear from bovine 
tuberculosis. 

Dr. Kurt Mueller, a surgeon of Erfort, describes the cases of 
two healthy young men who were under his care. Both were 
butchers, and in both cuts were sustained while working on tuber- 
culous cattle, the wound opening the synovial sheath of a tendon 
in the hand. In each case an operation was necessary, and it was 
found that the wall of the sheath, as well as the tendon itself, was 
thickened, while upon them were large numbers of yellow nod- 
ules, proven to be tubercles by microscopic examination. These 
tubercles were placed very thickly near the scar, gradually becom- 
ing fewer as the scar was left. In one of the men the trouble 
extended from the finger to the forarm, and there was some evi- 
dence of tuberculosis even at the muscular attachment of the tendon. 
In the second case the tendon was attached to the sheath, and the 
disease limited to an area 10 cm. in length. Examination of the re- 
moved tissue proved the presence of tubercle bacilli. Both of these 
men had good family histories, and were free from tuberculosis else- 
where, so that Dr. Mueller has no doubt that they were inoculated 
with bovine tubercle bacilli. 

De Jong observed the case of ‘a man who injured his finger 
while examining the mesentery of a tuberculous cow. The wound 
did not heal, the edges became indurated, and considerable swell- 
ing ensued, with pain which increased steadily and failed to yield 
to ordinary treatment. Curettage and cautery were finally used 
with success. In the scrapings tubercle bacilli were demonstrated. 

In Berlin two men who are employed in the slaughter-house to 
carry the condemned tuberculous meat to the place where it is de- 
stroyed have developed tuberculosis of the skin of the hands. Ata 
recent meeting of the Medical Society, of Berlin, Professor Lassar 
presented cases of verrucous tuberculosis of the skin. He had ob- 
served this type of skin tuberculosis in butchers who had handled 
tuberculous meat. Of thirty-four cases seen by him four were ia 
butchers; while, on the contrary, among those affected with other 
forms of tuberculosis localized to the skin of the hands, none be- 
longed to this calling. WLiebreich agreed with the view taken, and 
said he had been able to assure himself that verrucous tuberculosis 
of the skin was much more common among those whose duties re- 
quire handling tuberculosis meats than among others. Blaschko 
spoke of the case of a cook seen by him in whom a tuberculous lesion 
followed the prick of a piece of bone. 
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It is interesting to note that Dr. Hartzell’s two cases were both 
of the verrucous variety, the origin in both baving been almost cer- 
tainly bovine. 

Drs. Joseph and Trautmann report three cases of verrucous tuber- 
culosis of the skin occurring among employes of the municipal abat- 
toir in Berlin, who worked exclusively with tuberculous animals. 

Case I.—J. G., aged forty-five years. Was never ill before, and 
no tuberculosis in his family. His duties were to cut up tubercular 
and condemned carcasses. In 1892 or 1893 he received a small 
wound of the middle finger of the left hand, and a nodule soon formed, 
surrounded by a zone of redness. It increased slowly until 1897 or 
1898, when the thermocautery was resorted to with partial success. 
About a year ago the man tore the first finger of the same hand ona 
bone from a tubercular cow. The wound cicatrized in about eight 
days, but later a nodule developed on the site. When examined, in 
August, 1891, the disease was confined to the first and middle fingers 
of the left hand. On the first finger nodules about the size of a pea 
protruded from the surface 1 mm. to 2 mm., moderately read, and 
having in the center a broken area covered with small crusts. The 
nodule on the middle finger was much larger and the verrucose con- 
dition more developed. 

Case II.—J. O., aged thirty-five years. No history of tuberculosis 
in family. The patient, his wife, and three children had always been 
healthy. Has been employed in the abattoir for one year, and al- 
ways in division reserved for tuberculous animals. Three months 
before he had suffered a wound of two fingers, following which the 
disease developed. On the little finger is a hard, rough, thickened 
area, extending entirely through the skin. On one side is an ulcer 
which goes deep into the corium. 

Case III.—K. 8., aged thirty-eight years. Employed in handling 
tubercular material. He showed a typical tuberculosis of the skin. 
As the case was being treated by another physician, the details are 
not given. 

It would seem that instances of infection through wounds are not 
as uncommon as has been supposed heretofore. Their value has been 
questioned on the ground that inoculations do not always corres- 
pond to natural infections. I do not pretend that such cases settle 
the whole question definitely, but they do prove beyond question that 
there is no peculiar quality in the tissues of man which makes him an 
unfit soil for the bovine tubercle bacillus. Furthermore, they afford 
us means of comparison with similar cases in which the invading or- 
ganism is of human origin, wounds of the hand while operating on 
tuberculous cadavers, or in cleaning cuspidors used by phthisical per- 
sons, being not uncommon. I have been at some pains to study the 
reports of such infections, and feel bound to conclude that the bovine 
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bacillus is at least as virulent as the human for man when intro- 
duced in such manner. We know from experimental as well as 
clinical evidence that the skin is the tissue most unfavorable to the 
growth of the tubercle bacillus. If, then, the bovine bacillus can 
successfully invade the skin and multiply there, with the production 
of characteristic changes, it seems we are fully justified in believing 
that organs and tissues that are known to offer favorable soil to the 
human bacillus will also prove favorable to the bovine organisms. 
On the other hand, I know of no animal which is susceptible to the 
human bacillus yet immune to the bovine. Birds are equally refract- 
ory to both, a small proportion of those inoculated or fed with 
either succumbing to tuberculosis. 

Tuberculous Infection Through Food.—Koch bases his opinion 
as to the non-transmissibility of bovine tuberculosis to man largely 
on the alleged rarity of primary intestinal tuberculosis. He says: 
“Tf the bacilli of bovine tuberculosis were able to infect human be- 
ings many cases of tuberculosis caused by the consumption of 
aliments containing tubercle bacilli could not but occur among the 
inhabitants of great cities, especially children.” “That a case of 
tuberculosis has been caused by aliments can be assumed with cer- 
tainty only when the intestine suffers first—i. e., when a so-called 
primary tuberculosis of the intestine is found.” He says that he 
has seen cnly two such cases; that at the Charité Hospital, in Ber- 
lin only ten cases were seen in five years; that among 933 cases of 
tuberculosis in children at the Emperor and Empress Frederick’s 
Hospital for Children, Baginsky never found tuberculosis of the in- 
testine without simultaneous disease of the lungs and _ bronchial 
glands; that Biedert found only sixteen cases of primary intestinal 
tuberculosis among 3,104 children examined post mortem. 

The assumption that the proportion of tuberculosis caused by 
good is correctly revealed by the lesions of the intestine or mes- 
enteric glands is certainly erroneous, and leaves out of consideration 
entirely at least one very important avenue of infection. 


Infection Through the Tonsils—The numerous observations made 
of late vears leave no doubt that the tonsils sometimes act as the 
port of entry for the tubrcle bacillus. As well put by Baup, “dis- 
cussion is only possible as to the greater or less frequency of these 
lesions, and their pathological importance,” a position sustained 
not only by the work of other observants but by his own, in which 
he examined the tonsils from those cases only in which tuberculosis 
of the lungs was absent and other ports of entry could be excluded. 
Dieulafoy, by the inoculation of guinea-pige, found tuberculosis in 
fifteen of ninety-six cases. Latham, who was careful to employ 
only the interior portions of the tonsils, in forty-five consecutive cases 
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of children from three months to thirteen years of age, seen at au- 
topsy, found seven which were tuberculous. One of the most recent 
studies of this subject is that of Friedmann, who examined the ton- 
sils obtained from ninety-one children at autopsy, and fifty-four 
cases removed by operation, all but one of the latter under five years 
of age. Of the ninety-one cases, in three there was tuberculosis, 
probably not primary; in five there was tuberculosis, probably prim- 
ary, with secondary involvement of lymphatic glands, intestine, and 
bone; in one the tonsile showed many tubercles, giant cells, and 
tubercle bacilli, the rest of the body being free; in seven (two with 
and five without tuberculosis in other parts of the body) the tonsils 
contained typical giant cells, but no bacilli could be demonstrated; 
in three giant cells attributed to other causes were found; in eleven, 
which showed extensive tuberculosis of other parts of the body, the 
tonsils were free, but showed scars; in four the tonsils were free, 
there being tuberculosis of the internal crgans; in three bacilli were 
demonstrated in smear preparations, though no tubercles were found. 
In the remaining fifty-four cases tuberculosis was not found in any 
part of the body. Only one of the operative cases showed primary 
tuberculosis. 

When we remember the frequency with which children are fed, 
and the ease with which particles of food lodge in the tonsils, we 
cannot but think that Friedmann is reasonable in his conclusion 
that tuberculosis of the tonsils is quite common im children, and 
that the infection takes place directly from food, and not through 
the lymph, blood, or by inhalation. 

Numerous authors who have studied this question give corrobora- 
tive facts, lack of time preventing further citations. Those given 
are sufficient, I think, to show the fallacy of looking exclusively to 
the intestine for the proof of a food infection. I beg to call attention 
to the specimen showing ulceration of the tonsils which I have here, 
teken from one of four pigs which were infected by feeding, ten meals 
containing pure cultures of tubercle bacilli being given. All the 
animals contracted general tuberculosis, most marked in the lungs, 
and ending in death. Three of the four presented lesions of the ton- 
sils similar to those shown, while in only one could any lesion of the 
intestine be found. In the tonsils of the fourth pig, which showed no 
macroscopic lesions, many tubercle bacilli and areas of caseation 
were found. In three of the four pigs the cervical and mediastinal 
giands were markedly involved, and tubercle bacilli were readily 
demonstrated in smear preparations made from the cut surface of the 
salivary glands in the remaining one. 

A similar observation was made by Koch, who, however, seems to 
have entirely overlooked the importance of it. He says: “These 
animals had without exception severe tuberculous disease, especially 
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tuberculous infiltration of the greatly enlarged glands of the neck 
and of the mesenteric glands, and also extensive tuberculosis of the 
lungs and spleen.” 

Clinical Observation.—The number of cases in which infection 
can be traced to the consumption of tuberculous milk is not large, 
and almost all of them are open to some criticism from the fact that 
all other sources of infection cannot be positively excluded. From 
the nature of the case this will always be true, and we can never 
shut children up and feed them with tuberculous milk in the way 
of an experiment. However, evidence in some of the cases is so 
clear that Nocard has well said: “It has almost the value of an ex- 
periment,” and it is quite sure that we would unquestionably ac- 
cept evidence of much less value if any other disease than tuber- 
culosis were concerned. 

The cases reported by Stang, Demme, Gosse, Ollivier and Law, 
involving nineteen persons, are too well known to need repetition 
here. 

Ebers reports six cases, collected by several observers, of tuber- 
culosis in children, attributed to the milk of tuberculous cows. 

Bang, through inquiries in Denmark, has collected reports of nine 
persons in whom infection could be traced with reasonable certainty 
to milk from tuberculous cows. 

Von Ruck reports the case of a father and child which are very 
convincing, and says that he has observed several others in which 
there was very good reason to believe that milk was the agent of 
transmission for the tubercle bacillus. 

Klebs and Rievel have recently reported two cases which came 
under the observation of the former. A healthy young man em- 
ployed by Klebs to assist in making some investigations on milk in- 
fection had the habit of drinking the milk of the tuberculous cows 
used in the experiment. In a few months he died of miliary tuber- 
culosis. The second case was one of six male children, who died at 
the age of two years of tuberculosis of the cord and meninges. This 
child was the only one of the six fed on cow’s milk and the only one 
that developed tuberculosis. 

Postmortem Hvidence-—The reports of pathologists based on au- 
topsies prove conclusively that in a certain proportion of persons 
dying of tuberculosis, and especially in children, the infection takes 
place through the intestine. As to the frequency of infection by this 
route there is a wide divergence of opinion, due partly, no doubt, to 
the fact that this method of infection is much more common in some 
localities than others, owing to local conditions, and partly to the 
interpretation given to the postmortem findings. Our method of de- 
termining the portal of entry is not entirely satisfactory, as is shown 
by the large number of cases reported by many pathologists in which 
it is impossible to locate the primary lesion. 


134 ANNUAL REPORT OF THE Off. Doc. 


In general the determination of the primary lesion is based on the 
belief that the lymphatic glands im children give evidence of the du- 
ration and extent of tuberculous diseases in the organs with which 
they are in relation. Consequently if the bronchial glands show more 
advanced caseation than the mesenteric the infection is put down as 
being through the respiratory tract. The fallacy of this has, I think, 
been demonstrated as regards infection through the tonsils, and that 
it is correct, even when the absorption takes place through the in- 
testinal mucosa is open to question. During intestinal digestion 
there is a constant current from the intestine to the mesenteric 
glands, and thence up the thoracic duct into the venous circulation. 
Any tubercle bacilli which may have gained entrance into the stream 
are carried almost immediately into the lung, and deposited there 
by election. 

It has been shown by Dobroklonski, working under Cornil, that 
the tubercle bacillus can penetrate the wall of the intestine in the 
absence of any demonstrable lesion, and that the contact does not 
need to be prolonged. As the result of carefully conducted experi- 
ments on animals he says: “Tuberculosis can certainly invade the 
body through the digestive tract. For this invasion to occur it is 
not necessary that there should be either a lesion of the intestinal 
wall, a desquamation of the epithelium, or any local modification 
whatever, or an anterior inflammatory process. The tuberculous 
virus (bacilli as well as spores) can easily pass through the epithelial 
lining of the intestine when it is entirely normal. This penetration 
is particularly easy at those points where the contact of the virus 
with the intestinal wall is prolonged, but it is not necessary that 
there should be prolonged contact or that it should be any longer 
than what occurs normally.” 

In our work at the laboratory of the State Live Stock Sanitary 
Board we have often been struck by the extensive involvement of the 
lungs in animals infected by feeding, and the slight injury of the in- 
testines. Indeed, in some animals it has been impossible to detect 
any involvement of the intestines at all. 

I ask your attention to specimens from two animals illustrating 
these points. The first is from a cow (No. 26435) which was fed with 
bovine tuberculous material. Both lungs were involved and had 
cavities in them. The bronchial glands were enlarged, and showed 
small nodules. The mediastinal glands were enlarged and softened, 
but showed no nodules. The mesenteric glands were normal, and 
no lesion of the intestinal wall could be found. 

The second is from a monkey fed with a pure culture obtained 
from the mesenteric gland of a child (Culture BB). Both lungs are 
involved throughout and to a much greater extent than the ab- 
dominal organs. The bronchial glands are enlarged and caseous. 
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In the intestine only one point of injury can be found, and most of 
the mesenteric glands are normal in size, and show a few nodules 1 
mm. in diameter. The glands associated with the upper imtestine 
are much enlarged and show caseation, though not more advanced 
than what is seen in the bronchial glands. 

The specimens from the monkey illustrate another important point, 
namely, the occurrence of coincident infection through the upper part 
of the digestive tract and the intestine. If this animal had been 
examined without the knowledge of its history it would almost cer- 
tainly have been put down as one of those cases in which the avenue 
of infection could not be positively determined. The lungs show 
much more extensive disease than any of the abdominal organs, and 
the bronchial glands show caseation as well as some of the mesen- 
teric, and to an equal degree. This monkey was tested with tuber- 
culin before the experiment began, and was in perfect health when 
the feeding with tubercle bacilli commenced. The key to the situa- 
tion lies in the enlargement and caseation of the cervical lymphatic 
glands, indicating an infection through the tonsils or some neighbor- 
ing part of the upper digestive tract, though no lesion could be de- 
tected. We have here an undoubted food tuberculosis, yet the res- 
piratory tract shows the chief involvement. Does not the same 
thing occur also in children, and more often than we suspect? 

With these facts in view it seems not impossible that an infec- 
tion gaining entrance through the intestines may appear first in the 
lung, and thus be erroneously attributed to the respiratory tract. 

On one point all pathologists as well as clinicians seem to agree, 
that in children tuberculosis shows a marked tendency to become 
generalized, and this occurs with such rapidity that it is often impos- 
sible to decide where the infection gained entrance. 

The postmortem statistics are gathered mainly from hospitals and 
asylums for children, and it is in children that we have most reason 
to fear infection by food, their diet consisting as it does so largely 
of cow’s milk. The tremendous mortality of children from tuber- 
culosis has forced us to pay particular attention to the study of the 
factors at work in early life, and a number of interesting and valu- 
able analysis of autopsy records have been published. From Eng- 
land we get the most positive evidence of infection through the in- 
testine, and the most striking proofs of its frequency. English 
pathologists are practically unanimous in regarding the intestine as 
a frequent path of infection, the primary lesion being associated 
with this tract in about 25 per cent. of all cases. We may examine 
the figures given by some of the more recent writers on this point. 

Carr, examined 120 cases at the Victoria Hospital for Children, 
London. Of these ia eighty-two the disease was generalized, in the 
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sense that the lesions in different localities seemed to have a “com- 
mon simultaneous origin from some infective centre, or else that 
there were several quite independent tuberculous centers in different 
parts of the body.” In seventy-nime cases the primary lesion was in 
the lung or bronchial glands; in twenty cases in the intestine or 
mesenteric glands; in six cases it was impossible to tell whether the 
respiratory or the digestive tract was first invoived; in eleven cases 
widely separated caseous foci were found, and the primary lesion 
could wot be located; in four cases no centers could be found, the 
lesions being generalized. 

Guthrie, at the Children’s Hospital, Paddington, London, ex- 
amined seventy-seven cases. He considered that in forty-two cases, 
or 54.5 per cent., the primary lesion was in the respiratory tract; in 
nineteen cases, or 24.6 per cent., it was in the ‘testinal tract. Of 
the remaining sixteen cases the thoracic and abdominal organs were 
equally affected in seven; in six the original was unknown, and in 
three otherwise accounted for. In only thirty-two cases could the 
origin of the tuberculosis be traced with certainty to the glands, to 
the thoracic seventen times, and the mesenteric fifteen times. 

Still, at the Great Ormond Street Hospital for Children, in 769 
consecutive autopsies on children under twelve years of age, found 
269 cases which showed tuberculous lesions. Of these 117 or 43.5 
per cent., were children under two years of age; and 56.5 per cent. 
—more than half the total number—were children under three years 
of age. The origin of the disease was as follows: 
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In forty-three cases in which death was due to other causes, such 
as diphtheria, heart disease, etc., the primary focus of infection could 
be determined with great certainty, as the tuberculosis had not 
become generalized. Among these the primary lesion was respira- 
tory in twenty-six cases, or 60.4 per cent.; intestinal in sixteen, or 37.8 
per cent.; and in the year three times. 

Dr. Shennan, of the Royal Hospital for Sick Children, in Edin- 
burgh, found among 278 cases of tuberculosis 28.1 per cent. in which 
infection had taken place by the intestinal tract, showing that the 
high percentage in which this route of infection is observed is not 
confined to London, where it might be supposed that conditions 
were such as to favor it specially. 
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The few reports we have from America indicate that infection 
through the intestine is much less frequent than in England. 

Northrup reports that among 125 autopsies, in only three was the 
primary lesion found in the intestinal tract. In thirty-four cases, 
however, the disease was so general and far advanced that he was 
unable to determine the mode of invasion. 

Holt among 119 tuberculous children examined postmortem found 
the intestines affected forty times and mesenteric glands thirty-eight 
times, but in no case did he consider the intestine as the route of in- 
vasion. 

Bovaird, in 1899, published the records of seventy-five autop- 
sies on tuberculous children. In sixty cases infection had taken 
place through the respiratory tract; in eight the bronchial and mes- 
enteric glands were equally involved, and in seven the records were 
incomplete. He has recently added the record of fifty cases, among 
which two cases of primary intestinal infection occurred. The num: 
ber of indeterminate cases is not given. 

German statistics, as far as I have been able to obtain them, do 
not sustain Koch’s position, although they indicate that primary 
intestinal tuberculosis is not so common in that country as in Eng- 
land, which we would hardly expect, considering the precautions pre- 
scribed in Germany and the lack of regulations in England. 

However, intestinal involvement in children appears to be quite 
frequent in most parts of Germany; and as many of the reports 
do not clearly indicate the primary seat of invasion, we are justi- 
fied in believing that a fair proportion of these cases are due to in- 
testinal infection. For example, the statement given by Koch and 
attributed to Baginsky—that among 933 cases of tuberculosis in 
children he never found tuberculosis of the intestine without simul- 
taneous disease of the lungs and bronchial glands—is entirely in- 
definite as to the primary seat of the disease, and as quoted furnishes 
no ground whatever for Koch to stand on. 

Against the figures given by Koch—which are confined to his own 
experience—the reports of Baginsky, and a series of cases attributed 
to Biedert, we have the statement of Professor Hueppe that “‘the 
number of these cases (primary intestinal tuberculosis) occurring in 
children is by no means so small as Koch alleged. The number of 
cases may be fairly reckoned as between 25 and 35 per cent. of all 
deaths of children from tuberculosis.” 

Among fourteen children whe died from other diseases, and in 
whom the existence of tuberculosis was not recognized before death 
Kossel found tuberculosis of the bronchial glands ten times and of 
the mesenteric glands four times. In twenty-two children who died 
of tuberculosis he found the disease confined to the intestinal tract 
in only one case. 

10 
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It is unnecessary to quote further statistics on this point. The 
extent of intestinal tuberculosis varies in different countries and in 
different parts of the same country—a fact which of itself indicates 
a local factor, such as the greater or less prevalence of tuberculosis 
in cattle. One cannot study such statistics as those given without 
being fully convinced that a very important proportion of the children 
who die of tuberculosis are infected through their food, and that 
the report made to the council of the British Medical Association 
was justified, namely, that “the mortality from tuberculosis in early 
childhood is not decreasing as it is at other ages in the United King- 
dom; and the opinion that this great prevalence of the disease in 
childhood is due to infection through the alimentary canal by milk 
from tuberculous cows appears to be well founded.” 

Extent of Tuberculosis in Cattle—I\t is well known and so univer- 
sally acknowledged that tuberculosis is a wide-spread scourge in 
cattle that it would be superfluous to give an array of figures show- 
ing the extent of its ravages in various countries. Those interested 
in this phase of the subject will find the latest statistics given by Dr. 
Leonard Pearson, in Bulletin No. 75, issued by the Commonwealth 
of Pennsylvania, Department of Agriculture. In studying such sta- 
tistics it must be borne in mind that it is in the milch cow, and es- 
pecially the cow on the dairy farms near large cities, that is most 
apt to fall a victim to tuberculosis. In Pennsylvania, Dr. Pearson 
has found that of the tubercular herds tested about 138 per cent. of 
the animals had tuberculosis. Some herds show a very high pro- 
portion of diseased animals. Thus, for example: © 
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In other parts of the State tuberculosis is very rare or even un- 
known. These places are found in the interior counties, where the 
stock is “native” for the most part, or were stocked at a time when 
bovine tuberculosis was very little known in the United States. 

There has been and is considerable discussion as to the stage of 
the disease at which a tuberculous cow becomes dangerous through 
the passage of tubercle bacilli into her milk. Some authorities hold 
that there must be actual disease of the udder for this to occur, while 
others believe that this is not necessary. As early as 1893 Dr. Theo- 
bald Smith showed that the tubercle bacillus may be found in the 
milk of tuberculous cows when the udder, so far as the naked eye 
could tell, was free from disease. In a series of experiments at the 
laboratory of the State Live Stock Sanitary Board of Pennsylvania 
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the mixed milk of tive cows was examined by intraperitoneal inocu- 
lation of guinea-pigs. ‘hese cows bad reacted to tuberculin, but 
were in good condition and of fine appearance. Repeated examina- 
tions of the udders by several veterinarians failed to reveal any 
lesion, and examination aiter the death of the animals gave the same 
negative results. No attempt was made to concentrate the bacilli; 
on the contrary, the whole quantity of milk was well shaken, in order 
to imitate as nearly as possible natural conditions, and moderate 
doses of milk (1U c. ¢c.) were used. Of eighty-eight guinea-pigs em- 
ployed in this test sixty-three lived long enough for the development 
of tuberculosis, and of these ten, or 15.8 per cent., became tubercular, 

More surprising and more unusual are the results of Rabinowitsch 
and Kempner, who inoculated the milk of fifteen cows into guinea- 
pigs, the experiment being made to determine whether or not the 
milk of cows having a tuberculosis which could be detected only by 
tuberculin, and not by physical examination, might be virulent. 
Three examinations were made by a veteriparian in the course of the 
experiment. Of the fifteeu animals ten were found to give virulent 
milk, a percentage of 66.6. One cow gave milk which contained a 
yellowish, gelatinous material, and caused a fatal peritonitis in a | 
animals inoculated. Leaving this out, the positive results amount to 
71.4 per cent. All of the cows had reacted to tuberculin, but none 
showed clinical evidence of udder disease when the experiment be- 
gan. Of the ten giving virulent milk three showed advanced gen- 
eral tuberculosis, but no disease of the udder; two showed no evi- 
dence of disease at al’, and one only on the second and third examina- 
tions. One cow had rales at ihe time of first examination, but these 
disappeared, and she showed no evidence of disease after. On post- 
mortem one cow was found to have tuberculosis of the udder, and one 
showed clinical evidence of it on the third examination, made six 
months after the experiment was begun. The authors conclude: 
“Milk may contain tubercle bacilli, first, in beginning tuberculosis, 
without discoverable disease of the udder, and, second, in latent 
tuberculosis that can be detected only by the tuberculin reaction;” 
also, “milk from cows that react to tuberculin must be suspected of 
being infectious in every case.” 

With thes results before us we must admit that while tuberculosis 
of the udder is the most dangerous condition, we cannot by any 
meuns regard the milk of cows with general tuberculosis, but the 
udders of which are free from the disease, as being safe for food. 
We must insist that danger is not limited to those herds which 
*erbor one or more cows with udder tuberculosis. I cannot agree 
with those writers who attempt to belittle the dangers to which 
milk-fed babies are exposed by pointing out the comparative infre- 
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quency of tuberculosis of the udder. Dilution with the milk of other 
cows free from tuberculosis no doubt lessens the danger, but does not 
rewove it. ‘ 

Acid-fast Bacilli—A few years ago Moller announced the dis- 
covery of a bacillus having the morphology and staining reactions of 
the tubercle bacillus. He has shown that this bacillus and others 
closely allied to it may constantly be found in forage and in the feces 
of animals fed on such forage. Petri, Rabinowitsch, Grassberger, 
Korn, and others have found the same or like bacilli in milk, butter, 
and margarine; Rabinowitsch has isolated one of the same group 
from a case of gangrene of the lung in man; Karlinsky has shown 
their presence in nasal mucus, and Marpman has found them in urine, 
so that we know that this group of ‘tacid-fast” bacilli has a wide dis- 
tribution in nature. The property of resisting decolorization by 
mineral acids was for a long time considered diagnostic of the tuber- 
cle Lacillus. The discovery, therefore, of a comparatively large group 
of organisms having the same property, and being indistinguishable 
morphologically under the microscope, has served to throw some 
doubt on researches in which the microscope has been relied on en- 
tirely to demonstrate the presence of the tubercle bacillus in milk. 
Animals such as guinea-pigs and rabbits inoculated intraperitoneally 
with cultures of these bacilli, or with milk, butter, etc., containing 
them, develop nodules which may sometimes be mistaken for tuber- 
culosis. However, such mistakes must be rare, and there can be no 
doubt that the true tubercle bacillus passes into the milk of tuber- 
cular cows, as shown above. Reinoculation, microscopic examina- 
tich of the tissues, and the isolation of cultures can be relied upon 
to clear up the diagnosis of any doubtful cases. 

Solution of the Problem.—tn the solution of the problem before 
1+ the most directly valuable data will, I think, be obtained from the 
examination of cultures isolated from the abdominal organs of chil- 
dien in whom there is reasonable evidence of infection by the in- 
testinal tract. When these cultures are found to have a high de- 
gree of pathogenic power, and are able to infect cattle in moderate 
doses, we will be justified in saying that the children from whom they 
were obtained were infected in the first instance from bovine sources. 
By the examination of a large number of such cases we will, I believe, 
obtain very valuable information as to the frequency with which chil- 
dren are infected by milk. On the other hand I do not consider 
that we can entirely exclude bovine infection even ig those cases 
where the abdominal organs yield a culture of feeble virulence, for 
the reason that we at present know nothing of the effect produced 
on the bovine bacillus by prolonged residence in the human body. It 
is certain that the various types of tubercle bacillus known to us have 
sprung from a stock common to them all, and that have acquired 
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their racial peculiarities by residence in different animals through 
which they are subjected to a difference in food, temperature, and re- 
sistance. In other words, the struggle for life is carried on im the 
various species of animals under varying conditions, the result be- 
ing that in each animal the tubercle bacillus acquires properties 
which best enable it to carry on life in that particular host. The 
acquisition of these peculiarities no doubt requires a certain lapse 
of time, but how much we do not know. We have experimental evi- 
dence that it does not require a great time to change the tubercle 
bacillus from a higher into a jower type. By the method of inocula- 
tion in the peritoneal cavity in collodion sacs Nocard has shown that 
in from five to eight months both the bovine and human bacillus can 
be made to acquire the cultural characteristics of the avian bacillus, 
and to a certain extent its pathogenic action also. A few passages 
from fowl to fowl during four to six months increased this greatly. 
By passage through the blind worm Mdller has in the course of a 
year so changed the human tubercle bacillus that it grows like the 
organism of fish tuberculosis, and has the same temperature reac- 
tions. It grows best at 20 degrees C., and ceases to grow entirely at 
30 degrees C. The bacillus of fish tuberculosis, discovered by Du- 
bard had for its origin the human bacillus, the fish having fed on 
the sputum and dejecta from a patient far advanced in phthisi. The 
fish had been subjected to this for about a year before the disease was 
noticed. 

With these facts before us I do not think we are forcing a point 
in believing that it is at least possible for the bovine bacillus to 
become rapidly so changed in the body of man that it will show the 
cultural and pathogenic peculiarities which we find usually in cul- 
tures of human origin. For these reasons our observations should 
be made by preference on cases which are rapid and acute. 

Conclusion.— The evidence at hand forces us to conclude that 
human and bovine tuberculosis are but slightly different manifesta- 
tions of one and the same disease, and that they are intercommu- 
nicable. Bovine tuberculosis is, therefore, a menace to human 
health. We are not in a position at present to define positively the 
extent of this danger, but that it really exists cannot be denied. 
In the past there has probably been a tendency to exaggeration, but 
however great this may have been it does now justify any attempt 
at belittling the risk, and it is folly to blind ourselves to it. 

The eradication of bovine tuberculosis is amply justifiable from a 
purely economical stand-point; viewed in its bearing on human health 
it becomes a public duty. 


142 ANNUAL REPORT OF THE Off. Doc. 


The paper below is offered here because it gives a review of the 
work done under the auspices of the State Live Stock Sanitary Board 
on the vaccination of cattle against tuberculosis. It was read before 
the Pathological Society of Philadelphia, November 13, 1902. 


SOME EXPERIMENTS UPON THE IMMUNIZATION OF CATTLE 
AGAINST TUBERCULOSIS. 


BY LEONARD PEARSON, B.S. V.M.D., State Veterinarian of Pennsylvania, 
AND 
S. H. GILLILAND, V.M.D., Assistant Bucteriologist of the State Live Stock Sanitary Board. 


(From the Laboratory of the State Live Stock Sanitary Board of Pennsylvania.) 


When an extensively tubercular herd is tested with tuberculin one 
usually finds some animals that do not react to the test and are free 
from disease. These uninfected animals may be young or they 
may be recent additions to the herd, and their freedom from disease 
may be due merely to the fact that they have not had time to contract 
it; on the other hand, they are often cows that have been members 
of the herd and exposed to infection for years. That the freedom 
of these cattle that have long resisted the disease is not due to breed 
or family immunity has, in numerous instances, been shown by the 
fact that their parents or offspring have succumbed to tuberculosis. 

To what is such resistance to tuberculosis due? It is evident that 
it dces not depend upon species, breed, or lack of exposure. It is an 
individual factor. An animal may possess some power within itself 
to resist the tubercle bacilli that it is constantly exposed to and must 
daily inhale and ingest. 

Careful observation of these cattle and study of them in series 
show that the immunity they possess is not due to what is roughly 
termed good general health or what the stockman knows as good 
condition. Cattle resistant to tuberculosis may suffer with some 
other disease or be in a bad state of nutrition. Cattle that contract 
tuberculosis show, in very many instances, until the infection is well 
advanced, the usual signs of good health, such as soft coat, pliable 
Skin, clear eyes, good appetite, and regular growth or increase of 
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weight or yield of milk in proportion to the quantity and quality of 
food consumed. It appears, then, that there is reason to believe 
that some cattle have a specific resistance to tuberculosis. We 
know that specific resistance or immunity of the individual, occurring 
under natural conditions, usually depends on a previous attack of 
the disease against which the animal is immune, or, as in the case of 
Texas fever, upon the continued existence of the disease in a form so 
mild as not to appreciably disturb the various functions. This prin- 
ciple receives practical application when persons are rendered im- 
mune to small-pox or animals to anthrax, black-quarter, lung plague, 
rabies, or Texas fever by inoculating them with the attenuated but 
living virus of the respective disease, and thus causing them to de- 
velop it in a comparatively mild form, from which speedy recovery 
and subsequent immunity are almost certain. 

From the inoculation there results the automatic development of 
an antitoxin that counteracts the toxin of the disease, and, at the 
same time, prevents or retards the growth of the organism of that 
disease. Until comparatively recently this principle has been thought 
to hold only in respect te certain acute infectious diseases, but it is 
now known to be of much wider application. Protection upon this 
principle is usually known as vaccination. In some cases the germ- 
free toxin 18 used for a similar purpose. 

In 1901 we conducted an experiment for the purpose of determin- 
ing the influence of Koch’s original tuberculin upon the resistance 
of cattle to tuberculosis. In this experiment were used four cows 
known by the numbers 26554, 26555, 26556, and 26557. Each was 
tested with tuberculin before it was admitted into the experiment. 
Two of these cows, 26554 and 26557, were given daily injections of 5 
c. c. of concentrated tuberculin for ten days, from August 24 to Sep- 
tember 2, 1901, inclusive. Each of the four cows in the experiment 
was fed daily 100 grammes of hacked tuberculous lung tissue from a 
cow, for ten days, from the 10th to the 19th of September, inclusive. 
The first pair of cows, 26554 and 26557, that had received preliminary 
injections of tuberculin were given subcutaneously 15 c. c. of concen- 
trated tuberculin each day during the progress of the feeding upon 
tuberculous material. The other two cows, 26555 and 26556, which 
had not received the daily preliminary injections of tuberculin, re- 
ceived no tuberculin during the experiment. 

One of the cows (26554) that had been treated with tuberculin, 
and one (26555) that had not been treated with tuberculin were 
killed November 25, 1901. The cow (26554) that had been treated 
with tuberculin showed upon post-mortem examination lesions of 
tuberculosis in the post-pharyngeal and mesenteric lymphatic glands. 
The control cow (26555) showed lesions of tuberculosis in the right 
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lung and in the bronchial and mediastinal lymphatic glands, the post- 
pharyngeal and intermaxillary lymphatic glands and in the mesen- 
teric lymphatic glands. The lesions in this control cow were more 
widely distributed and more advanced than in the cow that had re- 
ceived large quantities of tuberculin. 

The other two cows of the experiment were killed December 16, 
1901. In the first of these (26557) which had received the injections 
of tuberculin, no lesions of tuberculosis were found excepting in the 
mesenteric lymphatic glands. A few of these glands of both the 
small and large intestine showed small areas of caseation. The 
second control cow (26556) showed lesions of tuberculosis in both 
lunges, the bronchial, mediastinal and post-pharyngeal glands; and 
ihe lympatic glands of the mesentery were more extensively involved 
than in the preceding cow. 

From this it would appear that subcutaneous injections of the 
toxin of the tubercle bacillus had had some influence in increasing 
the resistance of these two cows to feeding tuberculosis. 

E. A. deSchweinitz reported in the Medical News for December 8, 
1894, some experiments made by him upon guinea-pigs, in which these 
animals were inoculated with tubercle bacilli of human origin cul- 
tivated for about twenty generations upon glycerin beef broth, and 
were afterward inoculated with tuberculous material from a cow. 
The guinea-pigs so treated remained free from tuberculosis, while 
check animals inoculated with the same tuberculous material from 
the cow died of tuberculosis within seven weeks. De Schweinitz also 
showed that the twentieth generation of broth culture appeared to 
he incapable of producing tuberculosis in a cow when she was inocu- 
lated intravenously with a small quantity. De Schweinitz and 
Schroeder report (U. 8S. Dept. of Agr., B. A. I. Bulletin No. 18, 1896) 
upon other inoculations similar in nature and confirmatory of the 
above results. They show, further, that the attenuated culture they 
were working with was not virulent for cattle when inoculated in- 
travenously in quantities of 500 c. c. of suspension in liquid. 

The immunizing effect upon cattle of the administration intra- 
venously of tuberculous material or of living cultures has been 
studied by J. McFadyean and by von Behring. 

McFadyean reported in the Journal of Comparative Pathology 
and Therapeutics for June, 1901, and March, 1902, upon some experi- 
ments regarding the immunization of cattle against tuberculosis. He 
inoculated four cattle intravenously with emulsions of tuberculous 
material and cultures from various sources. One of these cattle, 
which had responded to the tuberculin test, and was, no doubt, tuber- 
cular upon the beginning of the experiment, was given about 150 ¢. e. 
of tuberculin in divided does before inoculation. Fifteen weeks after 
inoculation this animal was killed and was found to contain but one 
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tubercle, the size of a pea and completely calcified, in a mesenteric 
gland. Two control cattle inoculated with an equal dose of the same 
material died of generalized tuberculosis. Of the other three cattle 
of the series one was tubercular at the beginning of the experiment. 
All of these were inoculated intravenously from seven to eleven times 
during a period of from two to three years with emulsions of tuber- 
culous materials and with cultures from various sources. It is in- 
teresting to note that the first inoculation upon each of the cows 
that was free from tuberculosis at the beginning of the experiment 
was made with avian material which was probably of very low viru- 
lence for cattle. The catile so inoculated died of tuberculosis after 
two to three years from the beginning of the experiment, and in each 
case the chief lesions were in the kidneys and the brain or its cover- 
ing membranes. The cerebral lesion appears to have been the imme- 
diate cause of death in each instance. There can be no doubt that 
thes animals were remarkably resistant to tuberculosis, because they 
lived for months or years after repeated inoculations with large 
quantities of material of proven virulence for cattle. 

Von Behring announced December 12, 1901, that he was engaged 
in studying the immunization of cattle against tuberculosis, and he 
has since published a report (Beitrige zur Experimentellen Ther- 
apie, Heft 5, 1902) upon his work. He details experiments upon sev: 
eral cattle treated with injections of tuberculin and with cultures 
of varying degrees of virulence and from several sources, and also 
inoculated with tuberculous material or cultures of proven virulence. 
It may be noted that a pure culture virulent for cattle was not avail- 
able for use in von Behring’s work until 1901. The experiments 
upon seven cows specially reported were commenced between July 
and December, 1901. These cows have all received repeated injec- 
tions of tuberculin and of tubercle virus of low and high virulence. 
All of the protected cows are still alive excepting one that was killed 
and was found to have numerous tubercular nodules in the lungs, 
although these were believed to be retrogressive. This general ex- 
periment cannot be looked upon as finished, and any report upon it 
must be regarded as incomplete until the cows die or are killed and 
are examined post-mortem. The cows may appear to be in good 
health now, but notwithstanding, they may be extensively tubercular. 
However, that they are alive after receiving quantities of virulent 
tuberculous material that are sufficient to kill untreated cows shows 
that they have extraordinary resistance to tuberculosis. The 
method used to treat these cows was not systematic nor the one that 
he now recommends upon the evidence of experiments not yet pub- 
lished. The method now recommended by him is to inject intra- 
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venously 0.001 gramme of a scraping from a serum culture of tubercle 
bacilli dried in vacuum, powdered, and suspended in water. The 
culture used for this purpose was obtained originally from human 
sputum and has been grown in his laboratory since 1895. After 
four weeks a second injection is made containing twenty-five times 
the original quantity of tubercle bacilli, or 0.025 gramme. Von Beb- 
ring has now underway extensive experiments planned to test the re- 
sistance of immunized calves to natural infection from association 
with infected animals in contaminated premises. 

Since 1896 tuberculosis of cattle has been the subject of special 
and extensive study and experimentation in the laboratory and re- 
search station of the Pennsylvania State Live Stock Sanitary Board. 
During this time the virulence for cattle and other animals of tuber- 
cle culture and material from many sources have been tested by Dr. 
M. P. Ravenel, Dr. John J. Repp, and ourselves. The results of some 
of this work have been reported upon several occasions to this Society 
by Dr. Ravenel and to the British Congress on Tuberculosis in 1901. 
Some experiments looking toward the development of better methods 
for repressing tuberculosis in herds have been reported by Dr. 
Lecnard Pearson. hey 

It has been shown by numerous experiments that the sputum ‘of 
persons suffering from consumption and cultures of tubercle bacilli 
made from such sputum are usually comparatively non-virulent for 
cattle. It is important to know, further, that a given culture of 
sputum tubercle bacilli is incapable of producing serious disease in 
such quantities as it may be necessary to use in an attempt to in- 
crease an animal’s resistance to tuberculosis. 

The following experiment throws light upon the question as to 
the quantity of culture of this kind that may be administered and 
the effect of repeated inoculations made in four different ways. A 
Jersey heifer (26415) shown by tuberculin test to be free from tuber- 
culosis was inoculated intraperitoneally September 29, 1900, with 
4c. c. of a standard suspension! of human sputum culture that had 
remained in a collodion capsule in the abdominal cavity of a bull for 
seven months, and was then regained in pure cuiture by Dr. Ravenel. 
The third generation on blood serum furnished the material for this 
inoculation. The heifer was inoculated intravenously March 15, 1901, 
with 13.5 c. ec. of a standard suspension of tubercle bacilli, probably 
of human origin, that had passed through a coati (Nasua narica), and 
were recovered in pure culture by Dr. Theobald Smith in 1895. This 
culture had afterward remained about one year in a collodion capsule 
in the peritoneal cavity of a heifer, had been recovered by Dr. Ravenel, 


1By a standard suspension is here meant a suspension of tubercle bacilli in water in such 
quantity as to give an opacity equal to that of a twenty-four-hour culture of typhoid bacilli in 
bouillon. 1 ¢.c. of such a suspension is estimated to contain the equivalent of 0.0013 gramme of 
tubercle bacilli after drying ten days in a desiccating chamber over calcium chloride. 
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and the third generation on blood serum after recovery supplied the 
material for the present inoculation. <A second intravenous inocula- 
tion with 10 c. c. of similar suspension was made June 1, 1901. Au- 
gust 23, 1901, this heifer was inoculated with 20 c. c. of a standard 
suspension ia water of a culture (H) of tubercle bacilli from human 
sputum. ‘This quantity of material was divided into four parts of 5 
c. c. each, and these parts were injected beneath the skin, into the 
peritoneal cavity, into the jugular vein, and into the lung, respec- 
tively. ‘These injections were repeated at intervals of from seven to 
ten days until January 29, 1902. The quantity of standard suspen- 
siomu was increased 10 c. c. with each successive inoculation, so that 
at the last, the eighteenth, inoculation the total quantity given was 
160 c. c. The total quantity given in this series of inoculation was 
1797 c. c. of standard suspension. There was a rise of temperature 
of from two to four degrees following each inoculation after the first 
one. The first inoculation caused no temperature reaction. The 
heifer was in strong, thrifty condition at the completion of the series 
of inoculations, and improved in condition throughout the following 
months. It was killed August 14, 1902. The condition was good, 
and there was au abundance of fat upon the carcass and about the 
intestines. Lhe post-mortem examination revealed the lungs to be 
bermai in color and elastic; they were free from nodules, but were 
attached to the chest walls along the lower borders by fibrous bands. 
A few flukes of fibrin were found upon the omentum, and these flakes 
contained a few calcareous nodules about one-twelfth of an inch in 
diameter. The liver was adherent to the diaphragan over an area 
five inches in diameter. 

A yearling grade short-horn bull (26442) after having been tested 
with tuberculin and proven to be free from tuberculosis, was inocu- 
lated intraperitoneailly November 19, 1900, with 16 c. c. of a suspen- 
sion of tubercle bacilli from a culture from human sputum that had 
remained in a collodion capsule in the peritoneal cavity of a bull 
for seven months. The third generation on blood serum after re- 
covery furnished the material for this inoculation. March 17, 1901, 
this bull was inoculated intravenously with 13.5 ¢. ¢. of a standard 
suspension of a culture similar to that used in the inoculation of 
the above heifer (26415) on March 15 and June 1, 1901. This animal 
was subsequently inoculated in the same manner as the heifer, re- 
ceiving eighteen inoculations between August 23, 1901, and Janu- 
ary 10, 1902. He received in ail 1710 ¢. c. of standard suspension. 
He reacted following the inoculations very much as the heifer, al- 
though somewhat more slowly. He remained in good condition and 
apparent good health until he was killed, excepting for the develop- 
ment of an abscess over the jugular vein, which was opened Novem- 
ber 22, and afterward healed nicely. January 18, 1902, this bull was 
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inoculated intraperitoneally with 10 c. c. of a standard suspension 
of tubercle bacilli from a culture (H) of bovine origin. The virulence 
of this culture for cattle had been proven by numerous inoculations, 
among which the following may be mentioned: A cow (26431) weigh- 
ing 950 pounds was inoculated intravenously January 8, 1901, with 
5c. c. of a standard suspension from a culture of bovine tubercle ba- 
cilli H. The cow lost weight rapidly to 750 pounds, and died March 
4, 1901. Post-mortem examination revealed most extensive miliary 
tuberculosis of the lungs. Another cow (26433), weighing 698 pounds, 
was similarly inoculated at the same time, and died January 26 of 
miliary tuberculosis of the lungs. This cow received two injections 
of tuberculin of 0.4 ¢. ¢. each on January 16th and 22d. Both of these 
cows had been shown to be free from tuberculosis by tuberculin test 
before they were inoculated. A red heifer (45072), about eight months 
old, was tested and did not react. It was inoculated intraperi- 
toneally Apri! 80, 1902, with 5 c. c. of standard suspension of bovine 
culture H. It died June 7, 1902, and was found to contain extensive 
lesions of tuberculosis upon the peritoneum and abdominal organs, 
and the lungs, also, were crowded with small tubercles. The bull 
(26442) was killed August 13, 1902. The general condition was good, 
and there was much fat upon the carcass and about the internal 
organs. The pleura lining the lower half of the chest was covered by 
a sheet of partly organized fibrin from one-eighth to one-third of an 
inch thick. The lungs themselves contained a few nodules about one- 
half inch im diameter surrounded by thick walls and containing 
caseous pus in which there were many tubercle bacilli. These 
nodules did not seem to be progressive, and appeared to be abscesses 
indicating the sites of previous inoculations. The peritoneum cov- 
ering walls, the stomach, intestines, spleen, and liver was coated 
with a layer cf partly organized fibrin, as in the chest. The lymphatic 
glands about the rectum were enlarged and caseous. The surface 
of the omentum was rough from the presence of a thin layer of partly 
organized fibrin. The omentum was thickened in places, but there 
were no distinct nodules. From the fact that the fibrinous coating 
of the serous membranes was as pronounced in the thoracic as in the 
abdominal cavity it is probable that the virulent culture of tubercle 
bacilli injected into the abdomen has little to do with the production 
of this deposit, which may readily have resulted from the discharge 
of a pulmonary abscess into the pleural cavity or the discharge into 
the peritoneal cavity of the purulent contents of one of the softened 
lymphatic glands in the pelvis. 

It is evident that the sputum tubercle bacilli used for the inocula- 
lion of these two animals (26415 and 26442), even in the exceedingly 
large quantities in which they were employed, were incapable of caus- 
ing general tubercular infection. Even the intraperitoneal inocula- 


No. 6. DEPARTMENT OF AGRICULTURE. 149 


tion of the bull with a quantity of virulent culture nearly twice as 
great aS was necessary when similarly administered to kill an un- 
protected heifer did not, so long as he was permitted to live, appre- 
ciably disturb his general health. ‘The human sputum culture M 
used for these inoculations was obtained by Dr. Ravenel from the 
sputum of a consumptive woman in September, 1899. As a further 
indication of its degree of virulence, it may be noted that two guinea- 
pigs were inoculated, subcutaneously, December 18, 1901, each with 1 
ce. c. of a standard suspension of this culture. One guinea-pig died 
March 8 and the other March 20, of generalized tuberculosis. Two 
rabbits were also inoculated December 16, 1901, each with 2 ¢. ¢c. of 
the same suspension, Both died suddenly in June, one on the 3d 
and the other on the 10th, from having been given improper food. 
Both were free from all evidence of tuberculosis and showed no al- 
teration excepting diffuse redness of the intestines. 

These experiments tend strongly to show that cattle may be re- 
fractory to enormous quantities of tubercle bacilli from human spu- 
tum when injected into the blood beneath the skin, into the peritoneal 
cavity or into the lungs; and the result upon one of the animals (the 
bull) indicates that after such treatment the resistance to virulent 
culture of bovine origin may be increased. 

An experiment was inaugurated in March of this year, to again, 
and more definitely, test the immunizing value of repeated intra- 
venous inoculations of cultures of sputum tubercle bacilli not viru- 
lent for cattle. For the purpose of this experiment four young cattle 
were used, as follows: A black and white bull, sixteen months old 
(46066); a red heifer, twelve months old (45068); a red heifer, fifteen 
months old (45067), and a red heifer, eleven months old (45071). All 
were tested with tuberculin and were proven to be free from tuber- 
culosis. They were divided into two groups of two each as nearly 
equal as possible in respect to age, size, and general condition. The 
animals of one group were inoculated intravenously seven times be- 
tween March 24th, and June 2, with gradually increasing quantities 
of from 10 c. c. to 25 c. ec. of a standard suspension of a culture of 
sputum tubercle bacilli. In all, 125 ¢. ¢. of this suspension were ad- 
ministered, representing about 0.16 gramme of tubercle bacilli. 

Each of the four animals in this experiment—the two that had 
been vaccinated (45066 and 45068) and the two kept as controls (45067 
and 45071)—was inoculated July 29th by injecting into the trachea 
10 c. c. of a standard suspension of bovine tubercle bacilli (culture H) 
known to be virulent for cattle. The intratracheal method of inocu- 
lation was used, because it furnished a means of conveying tubercle 
bacilli into the organs most frequently infected in nature and in a 
mapner unattended by disturbance of function or with material 
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traumatism. It seemed to give a mode of infection closely resemb- 
ling the natural one. One of the vaccinated cattle (45068) was killed 
October 4th. A searching post-mortem examination revealed all of 
the organs, including their lymphatic glands and covering mem- 
branes, to be free from all evidence of disease, with the exception 
of a slight fibrous thickening of the wall of the jugular vein at the 
point of vaccination. At the site of the intratracheal inoculation of 
July 29th there was no mark, and the mucous membrane lining the 
trachea was entirely normal. 

A control heifer (45071) killed October 8th showed the following 
upon post-mortem examination: At the point of inoculation, upon 
the outside of the trachea and beneath the skin, there was a globular 
abscess about three-quarters of an inch in diameter, containing 
cheesy pus. The mucous membrane of the trachea showed a num- 
ber of small, reddish elevations (tubercular) below the point of 
inoculation. The lungs were studded upon the surface and upon 
cross section with grayish nodules one-quarter to one-half an inch 
in diameter, the centres of which were caseous. These tubercles 
were evenly distributed in both lungs and roughly averaged from 
one to one and one-half inches apart. They could be plainly seen and 
felt through the transparent pleura. The apex of the right lung con- 
tained a caseous area two inches in diameter, which was made up 
of many adjacent small tubercles. The bronchial and mediastinal 
lymphatic glands were enlarged and contained cheesy areas from 
one-sixteenth to one-third of an inch in diameter. The post-pharyn- 
geal lymphatic glands were enlarged to the size of an egg, hyperemic, 
and on section showed numerous caseous areas. 

The second vaccinated animal (45066) was killed October 16th. At 
the two points of insection of the needle when the animal was inocu- 
lated, July 29th, there were two somewhat hard, globular fibrous 
thickenings one-quarter to three-fifths of an inch in diameter, respec- 
tively. Within the trachea, and occupying positions corresponding 
to these, were two very small (pin-head) grayish elevations in the 
mucous membrane. Upon section it was found that the upper of 
these small thickenings was made up of fibrous tissue, the lower (the 
smaller one) contained a focus of caseous material surrounded by 
thick, fibrous walls. The whole appearance was that of a closed 
process. No other lesions were found in any part of the body. All 
of the organs, their lymphatic glands and covering membranes, ap- 
peared to be quite normal. There was no thickening of the wall of 
the jugular vein at the point of vaccination. 

The second control (unvaccinated) heifer (45067) was killed Oc- 
tober 16th. The post-mortem report is as follows: Beneath the skin 
in the middle of the neck, at the point of inoculation, there was an 
abscess about two inches in diameter that contained cheesy pus. ‘All 


No. 6. DEPARTMENT OF AGRICULTURE. 161 


of the inferior cervical and suprasternal lymphatic glands were en- 
larged to several times their normal volume and contained numerous 
areas of caseation. Within the trachea, from the point of inoculation 
down to its bifucation and up to the glottis, the mucous membrane 
lining the ventral half of the tube was thickly studded with oblong 
red, and evidently young and progressive tubercular growths. These 
formations were from one-sixth to one-half an inch long, and about 
two-thirds as wide; they stood above the surrounding surface from 
one-twelfth to one-half an inch. The post-pharyngeal lymphatic 
glands were enlarged to the size of a hen’s egg and loaded with 
caseous material. The lungs contained many grayish nodules one- 
eighth to one-quarter of an inch in diameter. The smaller were 
grayish throughout, while the larger had yellow, cheesy centres. 
These nodules were not set so thickly as in the other control heifer 
(45071). They averaged from four to five inches a part, and were 
very evenly distributed throughout both lungs. The mediastinal 
and bronchial lymphatic glands were enlarged to twice their normal 
size and contained much caseous material. Many (about eighteen) 
ot the lymphatic glands of the mesentery were enlarged and caseous. 
No alteration could be found in the mucous membrane or the walls 
of the intestine. The infection of the mucous membrane of the 
trachea above the point of inoculation appears to have been due to 
the carriage upward by coughing of some of the tubercle bacilli 
at the time of inoculation. It is well known that cattle habitually 
swallow their expectorations, and this may account for the infection 
of the post-pharyngeal and mesenteric lymphatic glands. 

From the experiments here recorded we believe that we are justi- 
fied in concluding: 

1. That after repeated intravenous injections of cultures of tuber- 
cle bacilli from human sputum the resistance of young cattle to viru- 
lent tubercle bacilli of bovine origin may be increased to such an ex- 
tent that they are not injured by inoculation with quantities of such 
cultures that are capable of causing death or extensive infection of 
cattle not similarly protected. 

2. That by intravenous injection much larger quantities of culture 
of human sputum tubercle bacilli than are necessary to confer a 
high degree of resistance, or immunity, upon the vaccinated animal 
may be administered without danger to that animal. 

We now have in progress incomplete experiments upon a number 
of young cattle, some of which have been underway since last March, 
for the purpose of testing the duration of this immunity and the ex- 
tent to which it is effective in protecting cattle against infection 
from natural sources. We have also started an experiment which 
we hope will throw light upon the open question as to the minimum 
quantities of culture of non-virulent tubercle bacilli that it may be 


152 ANNUAL REPORT OF THE Off. Doc. 


necessary to administer in order to confer a serviceable degree of im- 
munity, and, further, whether it may be possible to simplify the pro- 
cess of vaccination by successive injections of a few cultures of pro- 
pressive degrees of virulence. 

In conclusion, we wish to express our thanks to Dr. M. P. Ravenel 
and to Dr. H. C. Campbell; to the former for the originals of most of 
the culture used, and to both for general assistance during the pro- 
gress of the experiments. We also wish to thank the authorities of 
the Veterinary Hospital and of the Pepper Clinical Laboratory of the 
University of Pennsylvania, who have generously furnished the 
State Live Stock Sanitary Board with a laboratory and with other 
facilities, without which its research work would have been impos- 


sible. 


Anthrav.—Anthrax has occurred in the following counties: Brad- 
ford, Chester, Clarion, Cumberland, Erie, Franklin, Jefferson, Lan- 
caster, Lycoming, McKean, Perry, Sullivan, Susquehanna, Wayne, 
Warren and Wyoming. There have been from one to twenty deaths 
from each outbreak. The use of anthrax vaccine has continued to 
afford valuable protection to animals necessarily exposed to the dis- 
ease. There are still localities and farms in the State where it is 
impossible to raise cattle without the protection of vaccination 
against anthrax. Such vaccination not only protects the animals 
that are vaccinated but, by keeping them from contracting the dis- 
ease, the infection of the soil is prevented and thus new centers of 
infection are kept from occurring. The number of animals that it 
has been necessary to vaccinate is 688. In view of the public im- 
portance of preventing outbreaks of this most dangerous disease it 
has been considered justifiable to carry out such vaccination at the 
expense of the State, and this has been done in every case. No 
animal has died of anthrax during the past year after it has received 
the double vaccination. 

The act passed by the last Legislature to provide for the preven- 
tion of the spread of disease from the carcasses of animals that 
die of dangerous or virulent disease, has proved to be of 
great value. This act makes it necessary for the owners 
of such animals to care for their carcasses. If the carcass 
is neglected and is permitted to lie on top of the ground the germs 
of the disease that are spread from it by currents of water, by insects, 
by large animals or even by the air, may serve to infect a large area. 
The act referred to provides a penalty for neglect of such carcasses 
after the owner is notified as to their existence; and it provides 
further, that where such neglect occurs the carcass shall be disposed 
of by the State Live Stock Sanitary Board or thelocal board of health, 
or, in the event that there is no local board of health having jurisdic- 
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tion, then by the township auditor of the township in which the car- 
cass may be. The cost of disposing of the carcass in this way is to be 
paid by the State Live Stock Sanitary Board, and is to constitute a 
lien on the property of the owner of the animal at the time of its 
death, and it is the duty of the State Live Stock Sanitary Board to 
attempt to recover by due process of law from the owner the amount 
expended by it in disposing of or destroying the carcass. 

So far as is known, no additional outbreaks of anthrax have oc- 
curred in this State as a result of infection from outside of our 
borders. The owners of cattle in the localities where the disease is 
most prevalent are now informed as to the urgent necessity of cremat- 
ing the carcasses of all animals that die of this disease and of vac- 
cinating cattle on exposed lands. These are the most important 
points to observe in connection with the control of an outbreak of 
anthrax and by means of them the disease is kept well in hand in 
this State. 

The thing that it is first necessary to determine where anthrax is 
suspected is whether the disease is anthrax ornot. Itis safest not to 
atiempt to settle this question by making a postmortem examination 
on the carcass of the suspected animal. Where such a postmortem 
eramination is made the operator exposes himself to grave danger. 
Many lives have been lost from anthrax as a result of wounds in- 
fected from carcasses of dead animals. Moreover, if the carcass is 
opened the blood flows upon and into the surrounding soil. This 
blood, if the animal died of anthrax, is loaded with germs and spores 
of this disease. ‘Spores of the anthrax bacillus are exceedingly re- 
sistant organisms and will live in the soil exposed to all the changes 
and extremes of temperature and moisture for a period of several 
years; possibly as long as ten years. When soil is infected in this 
way there is constant danger to animals that graze over it or that 
feed upon the products from it, or that drink water that has flowed 
over it or through it. 

If the diagnosis cannot be made from the symptoms alone, it is 
best to treat the carcass as though it was known that the animal 
had died of anthrax, and thus be on the safe side, but in order that 
the facts in the case may be revealed and uncertainty avoided in 
future cases of a similar nature, a sample should be sent to the la- 
boratory of the State Live Stock Sanitary Board, 36th and Spruce 
Sts., Philadelphia, for examination. This sample should consist 
of an ear of the dead animal cut off close to the head. Such a speci- 
men will contain enough blood to enable a_ bacteriologist 
to make a diagnosis of anthrax or to exclude this disease. 
The ear should be wrapped in waxed parchment paper us- 
ing several thicknesses and covering the package several times with 
separate sheets, so that leakage may be impossible. Or, the ear 
may be placed in a glass fruit jar which may be sealed. The package 
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or jar should then be placed in a large bucket, such as a tobacco or 
candy bucket and surrounded with ice. It is then ready to be ex- 
pressed to the laboratory. A tag should be affixed stating the name 
of the sender and a letter should be written giving all the known 
facts as to the history and nature of the disease. 

It has been shown by some recent experiments made by Lothes 
and Profé of Cologne, that anthrax spores pass with the help of 
water through strata six feet thick of very compact sand and gravel 
in about thirty hours. This established fact goes to show how dan- 
gerous it is to bury the carcass of an animal that has died of anthrax, 
and supports the opinion that it is always best to dispose of such car- 
casses by burning. Instructions have been given in a previous re- 
port for burning anthrax carcasses. An effective method is to use 
‘railroad ties or large sticks of timber from six to ten feet long. <A 
layer of these is to be laid on the ground, the sticks being parallel; 
a second layer is then to be laid, the sticks being at right angles 
to those of the lower layer. The wood should then be well wet with 
coal oil and the carcass drawn to the top of the pile by sliding it along 
on skids. Skids can be made of round poles five inches in dia- 
meter and ten or twelve feet long. <A pile of from eight to twelve 
railroad ties will suffice to cremate the carcass of an animal weigh- 
ing 1,000 pounds. 

Some experiments made by Dr. Profé in cremating the carcasses of 
animals are very instructive and his results are stated below. His 
article on this subject is published in the Berlin Veterinary Weekly, 
and is abstracted in the Veterinary Journal, Vol. VII, No. 87, in 
part as follows: 

“Tt has been theught impossible to destroy carcasses at an open 
fire, but Dr. Profé says that in 1900-1901 in the province of Posen he 
destroyed, with the approval of the owners, several anthrax infected 
carcasses in this way. The burning was effected in a comparatively 
short time and with wonderfully little expenditure of fuel if the 
carcass was placed on iron rails placed over the pit. He re- 
lates a case in point: A well nourished cow had fallen a victim to 
the disease and the carcass was brought out into a pasture field, 
where a postmortem was held by the veterinary surgeon of the 
place. ‘As the transport of the carcass to the ordinary burial place 
_ of the district was not possible with the means at hand, and as there 
seemed to be no other means of disposing of the carcass, it was re- 
solved to try burning. For fuel; peat briquettes were used, with 
petroleum to set them on fire. When the thing was fairly ablaze 
the farmer stopped the supply of fuel, but thanks to the 
amount of fat on the animal the burning was completed, but 
it took nearly forty hours to effect the destruction of the animal, 
which weighed some 1,100 pounds. The cost was about 75 cents. 
Drs. Lothes and Profé resolved to try burning over an open fire at 
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the municipal burying place at Cologne. On the 15th of July the 
skinned carcass of a horse was, with its entrals, weighing in all about 
1,200 pounds burnt over an open fire. This fire was lighted in a pit 
about three feet deep, and over it the carcass was placed on two iron 
rails about six feet long, lying diagonally. For fuel there was used 
200 pounds wood, 300 pounds of briquettes and 50 pounds of coal 
ar. At the beginning 50 pounds of wood and 50 pounds of briquetts 
were set on fire under the carcass, which was soaked in tar, and the 
rest of the fuel was usedias required. The fire was lighted at 6 P.M. 
and on the following day at 2 P. M. there was only a small heap of 
smoking ashes. Smoke lasted only until the tar was consumed. The 
cost was $1.75. Anotiher case lasted twenty-six hours and cost about 
$2.00. A third case, this time an ox, lasted only eight and a quarter 
hours and cost $1.75. It was found that tar keeps up the flame bet- 
ter than resin and much better than petroleum. In these three 
cases the influence of the wind was found to be unfavorable whether 
it blew along or across the pit. It was therefore found to be desira- 
ble to make the pits deeper and lay the carcasses further down and 
this was arranged in the following way: A pit was made about six 
feet long, six feet bread and two and one-half feet deep, and then a 
further excavation was made of the same length and breadth but 
only 36 inches broad, so that part of the “tloor” of the upper exca- 
vation formed the borders of the lower 1&8 inches on each side. On 
these borders the iron rails were placed diagonally, and on the rails 
the disembowelled carcass was laid, belly downwards. The fuel 
had, of course, been previously laid on the floor of the lower pit. The 
viscera was placed on the borders of the lower pit, whence, as the 
process of cremation went on, they fell gradually into the glowing 
mass. ‘A few cases may be cited in illustration of the process: A 
horse weighing about 1,600 pounds was cremated with 650 pounds 
of wood; the operation took about ten hours and cost about $2.00, 
Another horse, weighing about 850 pounds, was cremated with 450 
pounds of wood and 30 pounds of tar; the operation took five and one- 
half hours and cost $1.75. An ox weighing 600 pounds was cremated 
with 300 pounds of wood and 30 pounds of tar; the operation lasted 
three and one-half hours and cost $1.25. It is noted by the writers 
that tewn prices were charged for the wood, in the country it would 
be very much cheaper. They distinctly recommend the second 
method (the double pit) as requiring less fuel and occupying less 
time; besides, it is independent of the wind, and as the pits have 
often to be dug the day before the operation this is no small matter. 
They further recommend coal tar as preferable to petroleum, and 
advise that the carcass be smeared with it before burning. The 
piace of cremation need not be very carefully chosen. Smoke is 
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developed only at the beginning of the operation, and therefore lit- 
tle annoyance may be feared from this cause. The same may be 
said about the gases evolved in the process; no smell was percepti- 
ble more than one hundred yards away, and this only in the direction 
of the wind. Of course the cremation ought to take place on the spot 
where the post-mortem is held, and that must be at least one hundred 
yards away from human habitation.” 

Black Quarter.—Black quarter has been found to exist in tihe fol- 
lowing counties: Erie, Forest, Franklin, Jefferson, Lackawanna, Mon- 
roe, Pike, Perry, Potter, Susquehanna, Wayne and Warren. The 
principle of controlling this disease is similar to that observed in 
controlling anthrax. It is necessary to prevent the contamination 
of the soil by burning the carcasses of the victims of this disease. 
Vaccination against it is effective and has been applied during the 
year to 765 animals. On some farms the rearing of young cattle 
without vaccination is impossible. The vaccine used for this work 
has been obtained from Dr. D. E. Salmon, Chief of the Bureau of 
Animal Industry, Washington, D. C., and has been effctive in every 
instance. bye 

Haemorrhagic Septicaemia or Spotted Fever of Cattle—This is 
the disease that has been known heretofore in Pennsylvania as “Car- 
bon County Disease” or “Mountain Disease of Cattle;” it is 
known in Germany as ‘Rinderseuche” and in southern Eu- 
rope as “Barbone.” It has existed in Pennsylvania for many years, 
but has not been positively identified until the past summer. In an 
investigation of an outbreak in Carbon county, in the vicinity of Ta- 
mauqua, made by Dr. Gilliland and myself, it was possible to obtain 
complete proof as to the identity of this disease and there can be no 
doubt that the various outbreaks of a similar nature that hay o9e- 
curred in the rougher and mountainous parts of the State are also 
occurrences of the same malady. This disease is believed to have oc- 
curred during the past year in the following counties: Cameron, Car- 
bon, Centre, Clearfield, Franklin, Forest, Huntingdon, Lackawanna, 
Lycoming, Perry, Potter, Somerset, Wayne and Warren. The chief 
symptoms are: Fever, loss of appetite, dullness, diminution of milk 
flow, groaning, discharge of bloody mucous from the nose, staring 
coat, red mucous membranes, swelling about the throat; which is 
hot, rather tense and painful and is sometimes accompanied by harsh 
or difficult breathing. There is usually a little discharge of blood 
from the anus. Sometimes there is a little leakage of blood through 
the skin at various points as though the animal had been stung by 
large flies or pricked with needles. In other cases the disease seems 
to affect the intestinal tract chiefly and in this case there is a diffuse 
haemorrhagic gastro-enteritis, causing much depression, accumulation 
of gas, evidence of pain in the abdominal cavity and the faeces are 
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covered with blood, shreds of firbin or mucous. The course of the 
disease is usually short, varying from twelve hours to a week, and 
it terminates in death in nearly all cases. On post-mortem examina- 
tion it is observed that the tissues beneath the skin in the region of 
the throat are infiltrated with serum and that scattered through this 
infiltrated area there are many points of haemorrhage; sometimes 
the haemcrrhage is extensive causing the entire infiltrated area to 
be of a red color. This swelling about the throat usually involves 
the walls of the pharynx and larynx. The root of the tongue is often 
swollen and infiltrated with yellow serum. Points of haemorrhage 
may be observed beneath the skin on any part of the body. Some- 
times the lungs show evidence of haemorrhage into them and there 
is an accumulation of blood in the chest cavity. If the intestines 
are involved there is haemorrhage into large or small areas of the 
wall causing it to be of dark red color and considerably thickened. 
The appearance of the blood is not materially altered; it coagulates 
in the usual way. The most characteristic alterations are the points 
of haemorrhage indicating an escape of blood from the vessels into 
the subcutaneous connective tissues and into the lining membranes of 
the adbominal and thoracic cavities and into the swollen areas about 
the throat and at the root of the tongue. Young or old cattle may 
be aftlicted by this disease. 

The cause of haemorrhagic septicaemia is a bacillus that was dis- 
covered by Kitt in 1885. This organism has since been studied by 
numerous bacteriologists in various parts of the world and has been 
identified as the cause of this disease in Italy, France, Algiers and 
Denmark as well as in Germany. In 1891, it was shown by Brim- 
hall and Wilson to be the cause of a disease occuring among the cat- 
tle of Minnesota that they proved to be identical with the German 
“Rinderseuche.” It is somewhat difficult to obtain primary cultures 
of this germ from the blood or tissues of an afflicted animal; special 
culture methods have to be employed. 

This disease may readily be mistaken for anthrax, black quarter or 
some kind of forage poisoning. In anthrax the bacteriological ex- 
amination readily established the diagnosis and removes all doubt. 
In black quarter the swelling is not likely to be confined to the re- 
gion of the throat and head as in this disease, but is likely to in- 
volve the side of the body or one of the legs. Moreover, the swelling 
is not tense and hard as in haemorrhagic septicamia or spotted 
fever, but is soft, elastic and crackles upon pressure. When cut 
into, the swelling of black-leg is found to contain a very dark, 
frothy fluid. Forage poisoning can be recognized only by taking 
into careful consideration the history of each case and the local con- 
ditions. Perhaps the most common form of forage poisoning of 
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cattle is the so-called “corn stalk disease.” This has been recognized 
a number of times in Pennsylvania. This disease occurs among cat- 
tle fed on corn fodder that has been poorly cured and is more or less 
damaged by mould. Other damaged foods may produce condition 
very similar to “corn stalk disease.” 

Haemorrhagic septicaemia or spotted fever of cattle can be pre- 
vented from spreading by restricting the movement of animals afflicer- 
ed with the disease. Such animals should be kept near the place 
where they are found when the disease is recognized, and if they die 
their carcasses should be cremated in the same manner as the carcas- 
ses of animals dying of anthrax. The internal treatment of afflicted 
animals has not been successful enough to afford much encourage- 
ment. The most successful method that has been tried, so far as I 
know, consists in the intravenous administration of a solution of col- 
loidal silver. The premises occupied by the diseased animals must 
be very thoroughly disinfected. Lands that are known to be infected 
should not be used for cattle for a few years. 

Numerous experiments have been made with the view of obtaining 
a vaccine against this disease, and these have met with a certain 
amount of success. Vaccination of cattle against haemorrhagic sep- 
ticaemia is said to be practiced extensively in parts of Russia and it 
has been tried in Italy. This system of protection has not been ex- 
perimented with in the United States, and so there is no infermation 
as to its value under the conditions existing here. Attempts will 
be made to determine the precise distribution of this disease and 
to place in the hands of persons concerned so much information 
as is available in regard to the means to be employed to prevent it. 

Abortion.— Abortion of cattle has been reported from various 
sections of the State and appears to be in some places a common 
scourge of breeding herds. Fortunately, it is less common than 
was formerly the case, and this is due, no doubt, to the fact that it 
‘an now be prevented or eradicated from an infected herd by the 
use of appropriate precautions or treatment. The means that are 
proven to be successful as a result of numerous trials and experi- 
ments are summarized below: 


DIRECTIONS FOR THE TREATMENT OF AN ABORT- 
ING HERD. 


1. Burn aborted foetuses and membranes. 
This material carries the germs of abortion in abundance and burning 
or deep burial furnish the only means of getting rid of it in a safe way. 
2. Isolate discharging cows. 
The vaginal discharge from cows that have aborted is very virulent 
and may furnish the means of infecting other cews. Hence, discharg’ng 
cows should be kept apart from the herd. 


No. 6. DEPARTMENT OF AGRICULTURE. 159 


8. Disinfect the premises. 

This procedure should be executed with the most exacting care. Par- 
tial or inefficient disinfection is practically useless. To disinfect, where 
fumigation with the vapor of formaldehyde cannot be employed, the 
spray pump furnishes the best means. It should be borne in mind that 
disinfectants do not destroy germs that they do not come in contact with. 
So, all large accumulations of bedding, forage and manure should be re- 
moved and every place that may harbor a germ should be reached with 
the disinfectant. Especial care should be used to drive it into every 
crack, knothole, behind every loose board, on top of every beam and 
into every partly concealed hole as well as upon every exposed surface. 

A five per cent. solution of good (not crude) carbolic acid may be used 
for this purpose. 

Following the disinfection by spraying and the cleaning of the stable, 
it may be whitewashed with lime wash containing one pound of fresh 
chloride of lime to each three gallons of water. This may be applied 
with a brush or, better, with a spray pump. 

The barn yard should be well cleaned out, the manure being spread in 
some field that cattle do not have access to. The bottom of the yard 
should be well scraped and the earth stained with leachings from manure 
should be removed. Then, the surface of the yard may be flushed with 
a saturated solution of sulphate of iron or thickly spread with lime. The 
outer well of the barn, facing on the yard, and the adjoining fences 
should be disinfected or whitewashed. 

4. Irrigate the genital passages of the cows that have aborted. 

The purpose of this procedure is to disinfect the genital passages. A 
convenient method is as follows: Hang a bucket containing the anti- 
septic solution back of the cow. To a spigot on the side of this bucket 
attached a rubber hose five-eighths inch in diameter and about six 
feet long. Insert the hose into the vagina and, if possible into the uterus 
of the cow. Allow from three to four quarts of the warm solution to flow 
into the cow and out. Take a fresh hose and irrigate the next cow, al- 
lowing the hose first used to soak in an antiseptic solution in the mean 
time. 

This treatment should be repeated every second or third day so long 
as there is any discharge from the cow. Afterwards it may be used once 
or twice a week. As appropriate solutions, the following are recom- 
mended: Lysol, one per cent.; creolin, two per cent.; bichloride of 
mercury, 1-3000; carbolic acid, one and one-half per cent.; boracic acid, 
three per cent.; permanganate of potash, one per cent.; alum, one per 
cent; chloride of zinc, two per cent. The last injection, two days be- 
fore service, should be bicarbonate of soda, two per cent. 

5. Irrigate the sheath of the bull. 

The purpose of flushing out and disinfecting the sheath and the out- 
side of the penis of the bull, is to prevent him from carrying the germs 
of abortion from one cow to another. This procedure should be en- 
forced before and after each service. This is very important. The sheath 
may be flushed out by using a small rubber hose and funnel. The end of 
this hose is to be inserted into the sheath beside the penis, the fore-skin 
is held together with the fingers and the antiseptic is poured into the 
funnel. A one per cent. solution of lysol is good for this purpose. 
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6. The long hair at the end of the bull’s sheath should be cut off. ; 
Moreover, it is well to clip the hair from under the belly over a circle 
one foot in diameter surrounding the opening of the sheath. Then, by 
washing with a sponge this area can easily be cleaned before each service. 
7. Wash off the external genitals of each cow every day. 
For this purpose use any of the antiseptic recommended above. They 
can be applied with a clean sponge. The parts washed should comprise 
the root of the tail, the anus, the vulva, and the surrounding skin for a 
distance of several inches, and the corresponding portion of the tail. A 
separate bucket and sponge should be used for the cows that are preg- 
nant and those that have recently aborted. 
8. Do not breed a cow for ten weeks after she has aborted. 

About ten weeks are required for the thorough treatment of a cow 
that has aborted and she should not be bred before the expiration of 
this period. If she shows any discharge or other indication of vaginal 
catarrh she should not be bred for a longer period, or until the parts are 
in an entire normal condition. ; 

9. A solution of carbolic acid may be administered subcutaneously to each preg- 
nant cow. 

For this purpose use a three per cent. solution of carbolic acid and of 
this, inject two drachms every ten days. Should this cause swelling in 
some individuals, for these use a smaller amount. 

10. Remove cows from the herd before they abort, if possible. 

The purpose of this is to prevent the re-infection of the premises. Of 
course, this cannot always be done and when a cow aborts in the cow 
stable thorough disinfection is again required. 

11. Repeat the disinfection of the stable from time to time and pay particular 
attention to cleansing and disinfecting the gutters. 

For frequent flushing of the gutters use a saturated solution of sulphate 
of iron. 

12. Treat the cows according to their individual needs. 

If a laxative or tonic is needed, give Sal. car, fact or iron or arsenic ac- 
cording to the indications. 

13. Whenever possible, it is well to use a separate bull for the cows that have 
aborted and another for the sound cows. 

But even in this case it is important to observe the precautions cited 

under heading No. 5, using a separate apparatus for each bull. 


Ergotism.— There was one outbreak of ergotism during the year 
and it was investigated and reported upon very fully by Dr. Jacob 
Helmer, of Scranton. The disease investigated by Dr. Helmer oc- 
curred on a farm in Wayne county. In this herd there were 12 cat- 
tle, 10 cows and 2 yearlings, and of these 9 were afflicted with ergot- 
ism. Three of the cows had died before the investigation was made 
on the 10th of April, 1902. In these animals, there was gangrene of 
the extremities, the ear tips became dry, brittle and finally dropped 
off, the process gradually extending toward the base of the ear. 
Some of the animals had lost their tails in the same way, others had 
lost their feet and in one animal two legs had separated at about 
the middle of the cannon bone. The trouble had been in progress 
from the previous January. It was found to have been due to ergot 
growing on red top hay. Some samples of this red top hay was sent 
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to the University of Pennsylvania and was examined by Prof. John 
W. Harshberger, who reported that the numerous black specks, re- 
sembling black seeds, growing among the seeds of the grass, were 
the spurs of ergot. 

Forage Poisoning.—Forage poisoning of horses has not prevailed 
during the past year to the very serious extent that has characterized 
its prevalence in some previous years. The chief difficulty with this 
disease has been in the following counties: Berks, Bucks, Chester, 
Adams, Allegheny, Franklin, Lehigh, Montgomery and Philadelphia. 
This disease has been proven to be due to damaged food or contam- 
inated water. The precise source or nature of the contamination 
has not been discovered, but it has been possible in an experiment 
to reproduce the disease by feeding to horses mouldy silage. In 
an outbreak in a large stable in Philadelphia, during which about 
thirty-five horses died, a careful pathological study of specimens 
from some of these horses was made by Dr. D. J. McCarthy and will 
be reported upon later by him. The bacteriological examinations 
that were made during this outbreak, as those made previously, hav 
resulted negatively. So much is known, however, that there is am- 
ple reason for recommending that no damaged food should be fed to 
horses. Hay, fodder, straw, silage, grain or mill feed that is mouldy, 
heated or sour cannot be fed to horses safely. ‘Contaminated wells 
may furnish water poisonous to horses and instances have been 
found wherein it has been possible to definitely trace this disease 
to a well receiving drainage from a stable or leakage from a barn 
yard. 


Glanders.—Glanders has occurred in the following counties: Alle- 
gheny, Bucks, Bradford, Centre, Chester, Clearfield, Cumberland, 
Dauphin, Franklin, Lancaster, Luzerne, McKean, Philadelphia and 
Wyoming. Seventeen, or practically one-half of the thirty-five cases 
that occurred during the year, were among mules of one mining 
company in Luzerne county. These mules are believed to have been 
infected through the purchase of some infected mules in the stock 
yards at East St. Louis. The infection reached the mules that were 
in four mines, and in order to check the outbreak it was necessary to 
keep a careful oversight for a period of about six months and to 
test many animals with mallein. Because the outbreak was re- 
ported so soon after it started there was not the opportunity for 
the distribution of the disease that would otherwise have occurred. 
On this account it was not necessary to test with mallein all of the 
mules in the various mines belonging to this comapny. The plan 
that was adopted consisted in making a very careful physical ex- 
amination of all the mules and in removing from the mines to test 
vith maliein every animal that showed symptoms in the least degree 
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suspicious. After these animals had been kept out of the mine 
under observation for a few days and were tested, they were re- 
turned to the mines if they did not react to the mallein test and: if 
further study of the conditions causing suspicions failed to support 
the thought that these symptoms might have been produced by in- 
fection with glanders. In this way, the work of the mines was not 
seriously interfered with. It is believed that the outbreak has been 
completely suppressed and for the reason that during the past five 
months no evidence of glanders has been discovered among any of 
the mules belonging to this company. 

In an outbreak in Franklin county several horses and mules be- 
longing tc a farmer were infected by a mustang from the west. In 
treating these animals, before it was known that they were suffer- 
ing with glanders, and before the matter was reported to the State 
Live Stock Sanitary Board, the owner contracted the disease him- 
self and died of it. 

Almost every case of glanders that has occurred in the State dur- 
ing the past year has been traced directly to infection from without. 
So far as known, all of the infection that exists in the State has 
been located and eradicated. If so, there will be no more cases in 
Pennsylvania until it is re-introduced. However, it is not difficult 
for this to occur. There is no inspection of horses coming into the 
State, and glanders is a very prevalent disease in most of the States 
bordering upon Pennsylvania. So it is necessary at all times to 
maintain a careful watch to discover outbreaks before they have 
made headway and to check them while but a few animals are in- 
volved. The dangers attending this disease are so well understood 
and the veterinarians in Pennsylvania are so skilled in diagnosing 
it that, as a rule, there is little delay in obtaining reports upon it. 

Texas Fever —There has been no Texas fever in Pennsylvania for 
a long series of years, until last winter. The immunity from Texas 
fever that we have experienced is due entirely to the wise regula- 
tions that have been drafted and are enforced by the Bureau of 
Animal Industry of the United States Department of Agriculture. 
Since Texas fever has not occurred in Pennsylvania for so long, lit- 
tle attention has been paid to facts regarding it by the breeders in 
this State. Therefore, it may not be out of place to say that Texas 
fever is a specific disease somewhat resembling malarial fever of 
man, and is caused by small animal parasites that live in the blood 
and destroy the red corpuscles. Nearly all of the native cattle of 
the southern States have this disease continually, but in a form so 
mild that it do~s not appear to injure them. The parasite of the 
disease is carried by the cattle tick. The progeny of ticks that have 
fed upon blood of cattle infected with the parasites of Texas fever 
are capable of transmitting these parasites to the animals that they 
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infest. The disease is not propagated by direct contact between 
diseased and healthy cattle but only through the agency of the tick, 
as stated. 

The Bureau of Animal Industry of the United States Department 
of Agriculiure has established a line extending from the eastern 
to the western coast of the Continent, below which the country is 
known to be permanently infested with the southern cattle fever tick 
and above which infestation is not known to exist. This line, which 
is changed from time to time, is known as the southern cattle fever 
quarantine line. It is provided that shipments of cattle from points 
south to points north of this line shall take place only in placarded 
cars; the placards announcing that the cattle are southern cattle 
and that the cars are to be disinfected when unloaded. The cattle 
thus shipped must be for immediate slaughter and they are unloaded 
directly at the slaughter houses and carried through special chutes to 
yards reserved exclusively for animals of this description. It is only 
during a period of a few weeks in mid-winter that it is permitted to 
bring southern cattle north without restriction. During cold weather 
the ticks are dormant and they cannot multiply, so that free ship- 
ments may occur during the cold weather. The open shipping season 
is defined each year by proclamation of the Secretary of Agriculture. 
When northern cattle are carried scuth of the quarantine line they 
are then regarded as and are subject to the same rules as southern 
cattle. 

Last wirter, during the Charleston Exposition, a special exception 
was made to the quarantine regulation, under which northern cattle 
were allowed to be sent south to the Exposition and tihen returned to 
the farms of their owners in the northern States. Three herds were 
exhibited from Pennsylvania. A few cattle in two of these herds 
became infested by the southern cattle fever tick, presumably while 
in the verds of the Charleston Exposition. They were thus inocu- 
lated with the organism of Texas fever, developed the disease and 
perished by it while on the way home or after arrival in this State. 
Fortunately, the trouble occurred during cold weather so that 
there was no danger that the disease might be transmitted to other 
cattle, and such transmission, as a matter of fact, did not occur. 
The Joss that fell upon Pennsylvania exhibitors was serious but not 
so serious as that which fell on some exhibitors from other States. 

This occurrence is very instructive in that it shows the value of the 
protection against Texas fever that is afforded the cattle interests of 
the United States by the well planned and effectively administered 
regulations of the Bureau of Animal Industry of the United States 
Department of Agriculture. Were it not for these regulations Texas 
fever would occur every summer in Pennsylvania, following the im- 
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portation of southern cattle. Not many years ago, Texas fever was 
an annual visitor and always caused losses amounting to many 
thousand dollars. 

PRabies.— Outbreaks of rabies have occurred in the following coun- 
ties: Allegheny, Armstrong, Beaver, Bedford, Berks, Bucks Carbon, 
Centre, Chester, Clarion, Clinton, Crawford, Erie, Greene, Indiana, 
Lackawanna, Lancaster, Lawrence, Lehigh, Luzerne, Lycoming, Mer- 
cer, Montgomery, Montour, Philadelphia, Schuylkill, Tioga, Venango, 
Warren, Wayne, Washington and Westmoreland. Before this dis- 
ease can be effectively checked it is necessary that there shall be more 
authority to quarantine dogs in infested districts. It is important 
that the authority shall be conferred upon the State Live Stock 
Sanitary Board to destroy dogs running at large in violation of 
a quarantine established to prevent the spread of this disease. A 
bill to grant this authority will be presented to the next Legislature, 
the text of which follows: 


An act to prevent the spread of the disease known as rabies or hydro- 
phobia, and to authorize the quarantine, restraint, confinement or 
muzzling of dogs during outbreaks of this disease and to empower 
the State Live Stock Sanitary Board to enforce the provisions of 
this act. 

Section 1. Be it enacted, etc., That whenever the disease known as 
rabies or hydrophobia shall occur among the dogs or other animals 
in any locality in Pennsylvania and it is adjudged by the State Live 
Stock Sanitary Board that the disease is spreading or is liable to be 
spread by dogs that have been exposed, the said board may order the 
quarantine, restraint, confinement or muzzling of any or all dogs 
within the limits of the locality in which the danger of infection is 
deemed to exist. The authority hereby conferred is not to annul 
or restrict the authority now possessed by cities or boroughs to quar- 
antine, restrain, confine or muzzle dogs within the limits of their 
respective jurisdictions. 

Section 2. A quarantine or order to restrain, confine or muzzle 
dogs shall be operative when it is approved by a majority of the mem- 
bers of the State Live Stock Sanitary Board and when a copy of it 
has been left at the usual place of residence of the owner of the 
dog that is believed to have been exposed to rabies or hydrophobia 
or when the notice or order to quarantine, restrain, confine, or muz- 
zle dogs has been published in each of two papers in each of the 
counties within which the regulation is established and when printed 
notices giving the text of the regulation or order have been posted 
in public places in the locality in which the regulation or order ap- 
plies. 
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Section 3. Should dogs be permitted to run at large or to escape 
from restraint or confinement or to go without muzzles in violation 
of the quarantine or regulation or order established by the State 
Live Stock Sanitary Board to restrict the spread of rabbies or hydro- 
phobia as provided by this act, such dogs may be secured and con- 
fined or they may be shot or otherwise destroyed and the owner or 
owners thereof shall have no claim against the person so doing. 

Section 4 Any person violating the provisions of this act or of a 
quarantine or of a regulation or order to restrain, confine or muzzle 
dogs duly established by the State Live Stock Sanitary Board for 
the purpose of restricting the spread of rabbies or hydrophobia in 
the manner provided in the other sections of this act, shall be deemed 
guilty of a misdemeanor and upon conviction shall forfeit and pay a 
fine of not less than ten dollars nor more than one hundred dollars, 
at the discretion of the court. 


More rational views in regard to this disease are beginning to pre- 
vail. One hears less of absurd opinions as to the non-existence of 
rabies. It is most interesting and astonishing that this impression 
could have prevailed in so many quarters for so long atime. There 
is no disease that is more definite in its manifestations than rabies, 
and it would be quite as rational to claim, and as easy to support 
the view, that there is no such disease as anthrax, glanders or tuber- 
culosis as that rabies is a mythical disease. 

The rapid diagnosis of rabies that is made in the laboratory of 
the State Live Stock Sanitary Board by Dr. M. P. Ravenel, is an item 
in the repression of rabies that is of great importance and is con- 
stantly becoming more important, as it is more used. For example, 
a rabid dog, or a dog supposed to be rapid may bite a large number 
of dogs ina town and then die or be killed. If it is not known posi- 
tively that this dog was afflicted with rabies but little would be 
done by the local authorities in the way of controlling the move- 
ments of the dogs that were bitten. If, however, the head of the 
dog in question is sent to the laboratory and the diagnosis of rabies 
is positively established, the local authorities are usually not slow 
to move in the matter of controlling or ordering the destruction of 
exposed dogs. On the otherhand, if it is found the disease is not 
rabies then, of course, all alarm is at once removed. 

The number of deaths from rabies during the year has been quite 
large. More horses, cattle, sheep and dogs have died of rabies dur- 
ing the year 1902 than during any other recent year; the exact num- 
bers are not available because a report is not required and only a 
fraction of the cases that actually occur are reported. Probably as 
many as four hundred horses, cattle, sheep, swine and dogs have died 
of rabies during the year, or have been killed while afflicted with 
this disease. 
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The law enacted by the last legislature, providing for payment 
from the dog tax fund for animals that die of or have to be killed 
on account of rabies is gradually becoming known throughout the 
State, and many claims are being made upon the counties for com- 
pensation under this law. The effect of this is to bring to the atten- 
tion of the local authorities the importance of repressing this dis- 
ease, and this will no doubt, in time, have the beneficial effect of 
building up public sentiment in favor of measures directed against 
rabies. 

A great deal of good could be done by reducing the size of the 
‘anine population of the State. There are altogether too many 
homeless and worthless dogs in Pennsylvania. These wandering, 
suffering animals are not only frequently exposed to rabies and do 
a great deal to carry it from place to place but they work harm in 
another way, by damaging the sheep industry. There were in Penn- 
sylvania in 1901, 1,602,107 sheep; in 1900, there were 957,483 sheep, 
a loss of 40.5 per cent. This loss appears to continue and in the 
face of the highest prices for wool and mutton that have prevailedi 
for many years. There can be no doubt that a large amount of this 
decrease in sheep is due to the difficulties sheep owners experience 
from dogs. There are parts of Pennsylvania that are admirably 
adapted to sheep growing and that are not well adapted to other 
kinds of agriculture, but the sheep grower can hardly afford to risk 
the injuries to his flocks that are constantly occurring as a result of 
these visitations of sheep killing and sheep chasing dogs. 

Hog Oholera—Losses from bog cholera during the year are es- 
timated at about $110,000. These losses have been traced in most 
cases to the introduction of hogs from outside of the State. It may 
be that these hogs were healthy when they were shipped, but after 
passing through stock yards and stock cars they developed cholera 
and propagated the disease. It is a matter of common knowledge 
that it is almost fatal to swine to pass them through any one of tie 
larger stock yards, and it is very risky to ship hogs in stock cars 
unless they have been recently cleaned and disinfected. The reason 
for this is that a very large number of hogs suffering from cholera, 
or that have recently partly recovered from the disease are sent to 
market, and so the channels through which they pass become in- 
fected. It would be very useful to shippers if some arrangement 
could be made whereby stock yards and stock cars should be fre- 
quently cleaned and disinfected. 

During an outbreak of cholera it is important that the infected 
swine shall be quarantined in order to prevent their carrying the 
disease further; that the carcasses of hogs that die of cholera shall 
be cremated; that the pens occupied by the infected animals shall be 
disinfected at short intervals, and that the animals still sound shall 
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be placed in separate pens and treated by medicine made according 
to the formula below, which is recommended by the Bureau of Ani- 
mal Industry. The following is taken from one of their reports: 


Pounds. 

BVO OCRCIIAICORNN 2 acctors 4} cisuchole Dane terenitlorite wet els a 1 
SUN MO MAUIN Ss tes fe tosereaevs osha = eee eehelieastioNe tates miele abe 1 

OCMIMIy CHLOTIGES by 25 tes Aaa noite wc heie-e Buc ieee 670.6 2 

Sod") DicarDOMAaves seas ties vita tens vie eieis 4 Ee 2 

Sodium by posulpmate, oss. es asst eee mare ars 2 

SOGIMM SUIPNACCS ) i.56 o ceea cid oe tebecar ies Bee 5 honsr ft 

Antimony sulphide (black antimony), ........ 1 


“These ingredients should be completly pulverized and thorough- 
ly mixed. In case there is profuse diarrhea the sulphate of sodium 
may be omitted. 

“The dose of this mixture is a large tablespoonful for each 200 
pounds weight of hogs to be treated, and it should be given only 
once a day. When hogs are affected with these diseases they should 
aot be fed on corn alone, but they should have at least once a day 
soft feed, made by mixing bran and middlings, or middlings and corn 
neal, or ground oats and corn, or crushed wheat with hot water, and 
then stirring into this the proper quantity of the medicine. Hogs 
are fond of this mixture, it increases their appetite, and when they 
once taste of food with which it has been mixed they will eat it 
though nothing else would tempt them. 

“Animals that are very sick and that will not come to the feed 
should be drenched with the medicine shaken up with water. Great 
care should be exercised in drenching hogs or they will be suf- 
focated. Do not turn the hog on its back to drench it, but pull the 
cheek away from the teeth so as to form a pouch, into which the 
medicine may be slowly poured. It will flow from the cheek into 
{he mouth, and when the hog finds out what it is, it will stop squeal- 
ing and swallow. In our experiments hogs which were so sick that 
they would eat nothing have commenced to eat very soon after get- 
ting a dose of the remedy, and have steadily improved until they ap- 
peared perfectly well. 

“This medicine may also be used as a preventative of this dis- 
ease, and for this purpose should be put in the fed of the whole herd. 
Care, of course, should be observed to see that each animal receives 
it proper share. In cases where it has been given a fair trial, it has 
apparently cured most of the animals which were sick and has 
stopped the progress of the disease in the herds. It also appears to 
be an excellent appetizer and stimulant of the processes of digestion 
and assimilation, and when given to unthrifty hogs it increases the 
appetite, causes them to take on flesh, and assume a thrifty appear- 
aace.” 
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Foot and Mouth Disease—In November, the country was startled 
by the knowledge that foot and mouth disease existed in some of the 
New England States. While the outbreak did not cover a large ex- 
tent of territory or involve more than three thousand cattle it was 
still a very serious matter, because of the possibilities for harm that 
are attached to this disease. The source of the present outbreak 
in the New England States is unknown; it is merely known that the 
disease has existed there in a restricted locality near Boston, for a 
period of several months. ‘The reason that it has not spread more 
rapidly is, that it happens to have been in a region where all the trade 
in cattle centres toward a single point, viz: Boston. If there were 
much of an outward trade in cattle from the Boston markets the dis- 
cease would have been distributed at a very much more rapid rate, 
aud in the time during which it has existed it might have reached dis- 
tant parts of the country. It is true that there is some out-bound 
trade in cattle through Boston, but this is chiefly in cattle for ex- 
port. Export cattle shipped from Boston, come from Canada and 
from the western states, they remain in Boston but a short time be- 
fore they are loaded on the ships. During the time that they are 
in Boston, they are kept in separate pens and entirely apart from 
all other cattle and, therefore, are not exposed except possibly by 
some indirect or accidental means, to any disease with which cattle 
of the neighborhood may happen to be afflicted. 

Foot and mouth disease is a contagious, constitutional disease of 
cattle, sheep, other ruminants and swine that is characterized by the 
development of vesicles or blisters upon the feet and in the mouth. 
These blisters are usually seen upon the coronary bands, about the 
hcels and between the toes, inside the lips, upon the tongue and the 
upper border of the jaw. The effect of the eruption of the blisters 
is to cause the animal to refuse food, to become very stiff and lame 
aud to lessen the flow of milk. After a day or two the vesicles 
break leaving a superficial sore which heals in from one to two weeks. 
Sometimes a similar eruption occurs upon the udder and this may 
cause a serious and dangerous complication by interfering with milk- 
ing and thus setting up garget. During the course of the disease the 
a‘ilicted animal loses weight very rapidly. Recovery occurs in near- 
ly all cases but, after recovery, the animal is usually found to have 
been seriously damaged and to the extent, upon an average, of $20 to 
$25. ‘The damage consists in loss of condition, permanent diminu- 
tion in milk flow, garget, abortion or serious injury to the feet. Since 
au attack of foot and mouth disease does not confer immunity upon 
the animals that have passed through it, it happens in infected dis- 
tricts that these losses may occur as often as twice in a single year. 

¥oot and mouth disease is exceedingly contagious. It spreads 
with the greatest ease from place to place and from animal to animal. 


No.6... - DEPARTMENT OF AGRICULTURE. 169 


When it is introduced into a herd it is exceedingly rare for a single 
animal to escape. ; 

I'he amount of loss that may come from the existence of the dis- 
ease is shown by a recent estimate made by a German authority 
who shews that during the last fourteen years foot and mouth dis- 
ease has.caused in Germany losses that amount to $250,000,000. 

Fortunately, it has been possible, by co-operation between the au- 
thorities of the infected states and the United States Bureau of 
Animal Industry, to control the present outbreak of foot and mouth 
disease in the New England States, and there is now little reason to 
fear that it will escape-to other parts of the country. The work of 
repression has fallen chiefly upon the federal authorities, supported 
by a special appropriation of $500,000.00 made by Congress for this 
purpose, and it is a matter for congratulation that this work has been 
so efticiently directed that it has been possible in so short a time 
to place the outbreak under such complete control. 

Foot and mouth disease existed in one herd in Pennsylvania twen- 
ty-one years ago. This was a herd of imported cattle that were taken 
to a farm in an eastern county and quarantined there, as was the 
practice before the establishment of the federal quarantine stations. 
Tt was soon found that this herd was infected with foot and mouth 
diseases, but by keeping it strictly in quarantine the disease never 
escaped from the farm. Since that time, until recently, there has 
been no foot and mouth disease in the United States. It is possible 
that the present outbreak may be due to infectious materials, such 
as blankets, forage, wool, etc., imported either from South America 
or from Europe. It is not probable that the disease was brougat 
in the United States by a living animal because such animals are ex- 
amined and most of them are kept in quarantine and under observa- 
tion for a period of about six to three months, depending upon their 
origin and species. 


Expenditures.—For the fiscal year ending May 31, 1902, the State 
Live Stock Sanitary Board was allowed $40,000.00 for its general 
work of repressing infectious diseases of animals. The expenditures 
of this fund for the general purposes of the Board may be classified 
as follows: for tubercular cattle, $26,306.25; for glandered horses, 
$503; for inspecting tubercular cattle and herds, $3,326; for inspec- 
tions for the purpose of suppressing diseases other than tuberculosis, 
and for vaccinating cattle against anthrax and blackleg, $3,402.54; 
for tags for marking cattle, for the expense of making tuberculin and 
shipping, $874.09; for cremating carcasses, serving quarantine notices 
and enforcing quarantines, for supplies, postage, office help and mis- 
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cellaneous expenses, $3,156.60; expenses for enforcing the law re- 
quiring the inspection of dairy cows and cattle for breeding purposes 
brought into Pennsylvania from other States, $2,431.52. 
Respectfully submitted, 
LEONARD PEARSON, 
State Veterinarian. 
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REPORT OF THE ECONOMIC ZOOLOGIST. 


Harrisburg, Pa., January 1, 1908. 
= 


Hon. John Hamilton, Secretary of Agriculture: 

My Dear Sir: I have the honor to submit a review of the work of 
the Division of Zoology for the year ending December 31, 1902. 

The general routine work of the office has consisted in the de- 
termination of material sent in, the mailing of bulletins, the ac- 
quisition of additional names of orchardists, farm gardeners and nur- 
serymen to those already on file, the attention to the general cor- 
respondence connected with the Division and the work involved 
through the inspection of nurseries. 

The interest taken by orchardists, nurserymen and others relative 
to the spread and control of the San José Scale and other injurious 
tree and kindred diseases is certainly very gratifying. The Division 
very frequently is in receipt of infested specimens, and it is apparent 
that persons interested along these lines are awakening to the fact, 
gained by actual experience, that individual effort has become essen- 
tial in the treatment of tree diseases in order to successfully counter- 
act the inevitable loss due to ignorance and carelessness. In order 
to grow trees which will produce good salable fruit, it is absolutely 
necessary to see that the tree is constantly kept in a healthy condi- 
tion, by taking such measures as will effectually dispose of all in- 
jnrious insects and tree diseases which may have a tendency to re- 
tard the good results to be obtained under favorable conditions. 
The fruit growing industry in Pennsylvania is of vast importance, 
and we find an ever increasing and a profitable market for choice 
Irujts such as this State is capable of producing. 

The Division has afforded assistance in every way possible to 
farmers and fruit growers, by placing at their disposal and dissem- 
inating such information, that will make possible for them to fully 
understand and put into practice such remedial measures as has 
been suggested. The San José Scale predominates to a very large ex- 
tent, it being reported from nearly every portion of the State. Of 
course there are sections where if exists to a very small degree, while 
in other parts it is very prevalent, notably in eastern Pennsylvania, 
where fruit growing is carried on to a greater extent, and where 
the majority of the nurseries are located. The interest taken in the 
suppression of the San José Scale is widespread, the nurserymen 
particularly are doing efficient work for its eradication. Of course 
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the nurserymen are compelled by act of Assembly to dispose of all 
diseased stock, yet aside from that they are taking decided measures 
by the erection of fumigating plants and other means, to effectually 
stamp out the troublesome pests. 

The year just closing has seen a decrease in the loss to farmers and 
inarket gardeners from injurious insects. Apparently the Hessian 
fly, the Augoumois moth, the cabbage worm and other usually 
abundant insect forms have for some reason been less plentiful. The 
Angoumois moth causes some loss to the wheat growers in the east- 
erp counties, but through the information disseminated by this Di- 
Vision two years ago relating to this insect enemy, the loss has been 
very materially diminished judging from reports received from the 
infested territory. ‘The tent caterpillars were not nearly so numer- 
ous as last year. The destructive work of this insect became so ap- 
parent to everybody that it led to a “general uprising” which re- 
sulted in the destruction of thousands of caterpillar nests all over 
the State, and such measures were taken, by the banding of trees and 
other means, that would effectually stop any further damage from 
this source. Insects injurious to the fruit crops of farmers still 
prevail such as the codling moth, curculio, lice, ete. But Iam glad to 
state that very many farmers are beginning to see the good results 
obtained by spraying, and other remedial measures, which will 
eventually become more general as the outcome of such work be- 
comes apparent. 7 

The work of inspecting the nurseries, as required by act of As- 
sembly, began August 1. Owing to the territory being so large, and 
more than one inspector could etfectually cover in the limited 
time, it was deemed advisable by the Secretary to employ two addi- 
tional inspectors in the persons of Profs. W. A. Buckhout and Geo. C. 
Butz, of The State College. The State was divided into three dis- 
tricts, namely, eastern, central and western. Prof. Butz made the 
inspections in the eastern district, Prof. Buckhout in the central and 
Mr. Enos B. Engle, the regular inspector, was given the western dis- 
trict. The inspectors completed their work in ample time to permit 
of the issuing of all certificates before the selling season opened. 
There were one hundred and ninety-seven inspections made during 
the year, seven of which were granted certificates expiring on July 31, 
1902. For the year ending July 31, 1902, the inspectors visited one 
hundred and forty-seven nurseries, two of which were forest reserva- 
tions covering many acres of land in Luzerne and Monroe counties; 
and while these are not nurseries proper, the inspection was made by 
Mr. Engle upon request of the owners and proprietors. This tract 
covers ten thousand acres on which is grown Rhododendra-maxima 
and these were granted certificates to sell stock after a thorough ex- 
amination, as it was possible to make under the existing circum- 
stances. 
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It was necessary to make one hundred and ninety inspections be- 
fore the work was finished, of which total there were thirty-two 
second inspections, ten third, and one fourth, making in all forty- 
three having more than one inspection. There were seven of the 
nurseries refused certificates to sell or otherwise dispose of stock. 
With the exception of the forest reservations already referred to, 
the number of acres comprising the remaining one hundred and forty- 
five nurseries amounts to two thousand seven hundred and twenty 
and one-half acres. The inspection further shows that nurseries 
comprising one thousand seven hundred and thirty-eight and one. 
half acres are maintained in very good condition; five hundred and 
five acres in good condition; two hundred and twenty-four and one- 
fourth acres in fair condition; one hundred and seventy and three- 
fourth acres in indifferent condition; and the small total of seventy- 
seven acres to be in a poorly kept condition. 

The following table shows the number of nurseries in each county: 


Nursery List Showing Number and Acreage by Counties. 
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Note.—Certificates have been fssued for the sale and shipment of ‘‘Rododendron-maxima’’ from 
Luzerne county 8,000 acres and from Monroe county 2,000 acres. 
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The fact that there were only seven nurseries refused certificates 
io sell stock out of a total of one hundred and forty-five indicates 
a very satisfactory condition as far as relates to the presence of San 
José scale and injurious tree diseases. The majority of the nursery- 
men have fumigating plants on their premises, while others con- 
template the erection of similar plants for the destruction of in- 
jurious insects and tree diseases. 

There is no doubt that the law governing these matters is ac- 
complishing much good, and the good results to be attained through 
the sale of nursery stock that is free of disease, will make itself evi- 
dent in later years. If the distribution of injurious tree diseases 
can be prohibited through the nursery as an agency, then it is a 
very important step in the right direction, and will be of inestimable 
benefit, not only to the buyer of the nursery stock but to the nursery- 
men as well, and will place the State of Pennsylvania on the same 
level as that occupied by sister States which have stringent laws. 
This Division is also working in hearty co-operation with similar Di- 
visions of other States, following very closely shipments of diseased 
stock from States having no laws governing this matter. 

Appended to this report is a complete list of the nurserymen of the 
State, together with their postoffice address and the number of 
acres comprising each nursery. 

Very respectfully, 
BENJ. F. MacCARTNEY, 
Eeonomic Zoologist. 


LIST OF NURSERYMEN IN THE STATE. 


ADAMS COUNTY. 
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Cl ANS Sich hel aapaoanpoonsoonpooneaodnons obdoUbabodo oo ddnodsUnGDsA Arendtsville, ...........;- Vy 
A eae Ey ee ED eR TTD LTD 9 soso eich ois) cies lelo/ereierele: elesyereie olsleve eletoveielesoveveleTolercreieieralatetetelevars @ashtowimne |.o-cac.eeeetis ee 4 
INIT ETOTUNCT fase Sco; 0 Fs oce,0sets)o\s, 010,00 "0h ehe(o,areraiare atu fereia olesafa iors aretelalerese teleiete(elate Gettysburg cece. te uicees uy 
(G), 1B, eke GasnaucononbooonacaccdnaoonoqnaspnanboondsboNaoDooudOAd 3endersville, ...........--- 7 
(G Tba> Teor ng." (0) 2 oe RASC i Ctitic CaCinn Re CIERC er ioric Ibe aer mn Oeera commas IMs eV Madonna socnoonsde 20 
AU Vala Pairs ee SVEN Stee va esate chisy et se oena sin te (aveieie aioe, sta saTeiesaiee a iets cevwishaieiatosiae eelonete Bendersvillesmecces eeeie 2 
(Gh Il, GES, adbpnddbbooesbon on ndadan0d abba ddoonnosndoooDsEaEDOAodbdD VOT Gales. icine /a'eleaoloteletal= |r y% 
POM MMP EL ME CLOTS Maly eea. eis ike Lalo teoro neice le eis sto. ni Stscicle ote eters ete eleleTems nei eietellalote Bendersvillew sca en-eiaeteencs 3 
GREER rE ria ote whe fev ece ie aeseo > oy case) ais Cope als asso ia ota coi aja atanwfe a'e(a lalate eines ale iele Bendersville, ............-- 4 
MR CANE LIT Am SEE liye. sersnretsdcay nic chateratee avasalsyareta: ans roleyero esesain elec oteeiae piers Bendersvilley > c-iicmersrinee 2 
ETM AES O WETS erie notioticle cleiclane eiotuislvosie Wek ele alsielels cons srasyinns omnes IDEMBleND RE BavgEAdsdoocosnae 1% 
AVL Tarrnen $5 CaO re Paine cto atcts cain etcteystaliate co ste lttay erst scicls ehetele sualete?e eetove arersielalsleteed Arren dts vill ame cterietieeiterctae Ww 
SEOLIICH Gr MELA EIN AM irae yeressisic pois ersterote oictoia feline eietsrsleleelateietorelere viet ei veletiete GettySburge;y wc. seceescene 3 
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ADAMS COUNTY—Continued. 


Acres 
Ak TSG TRONUCIES SsoancobbO000 00000 COTO COU CCH EOUnROOOnTOmrOnEeonnane CASHCOW Ne woitcrsilecicclaceee 4 
PASM) MSU VEL OL ate ciciaiorevaresayeistore alors o(o(eiarersiaisletescicia'sielerelale ojatavare siele!ateseiclajeje/s/ereieve Arendtsville, ........s000. 4 
Choa}, Mints Sa gGHOGobnpe PODOACOD LORD OTOROODPOOCEROUCOMOCUC Doi icine Wloradaie: \. ascsetea eecese 2 
ED YN Gree MAN CEL VOLS wrctetctsyera ta Aclslsiasciaicvcsletace\e a lavstelc.ctsvalevolatsieraraiaw¥orainvelaree winiehice New \Oxtord= %<;. sevice cece 2 
Dt eV CURL Cesievatercloleis's 01 pra vievsisieleiajetersiaic ee ctelujgiaraieisiclers)s,sisisiea‘eraceevajelavatete we ATIGS ALY, © tiie aie srarnchetie oiaeracine 4 
ES cee VALS OLD pe seo avsiol oli sicieialovslataje;o\a\ats (aio)\a/ofs era)evevo's\e(oYe/oivteerecavaretslelala‘eiaisieislets HilOr ad ales Miracammcrsereleeeas 1% 
GHATS eI WAlSOM) Asjsicles vieierele s visite Seyeisiie’s s ooiejcitte bie ewinlecns ebeceee reed Mummasburg, 4 
AV VIL TT carrie emp ESAT G ZA wicvavecsicYeversicyaversietarclsictetelersie isveiclers cit Oeieteicieieinertavaeleiels York Springs, 2 
Pea SS SURV VETS OS L1G ote cate) s (clove) aya raisteve oro" o’o tie wishefotelaictavciare sreleleiorneinichisigcciceieeeeciok Bendersville, 7 
GeOrez Emr ravers thie; cis acieicieiassisevcieio olcia cio iennieie eins sto onere meclonce sceiesin. IPIOTAMC AICS verses syrcrersserersre 5 1% 
PLO CEU aiereretnysineccistore slcteroisiclets ci sialeiaveic aislsiaiaielelsieloelslcirn sel aisistesme c nie eaters nates o Mavsasisleste aaroiciete oreo mone 122% 


ALLEGHENY COUNTY. 


ESCA RUM LOCES Mentors crctsters(erceeretoratele cicteseicicisha statieresc cies recta Oars lolciais nieieis/ oars Allegheny (Station 10), . 3 
J Wilkinson LOVU TC) dpa BAA OR CAOBOGOD Duce eC CUDDOCLEEOn crirenerieer ne Springdale | ods seiiecccere'ie 15 
CEE LILO ELM Ee ane arcsoarnivelelere le oteteeiele ots einieeie nis wioisinjsie sin dee tin eeioeenee Allegheny (Station 10), . 8 
J. B. Murdock & Co., No. 610 Smithfield street, .............-. Pittsburg absec veces cece 10 

EOL Se reveiaroyeyerctorevslavetsia]cis eveleieverayoorerevolev neve cae Stele tata cactataie o/c otareea ele alone ane Buea Tsien iene ere eae wH 


BEAVER COUNTY. 


A. R. Goodwin, IN GUSULY~S secariccieciemecasts 8 
Mackall Bros., IS CAVED et aisjersisterncieie elefeisieleaieis 30 
TOL EAM atin seselatesavolel afore ayovoverasetaveyeleterejeieteleferelcfetsiete\ciarsialeioiststeraysialaiaiaisrarsieiarareiatere rele oiaie lerarniele sierelelesinicte metic 38 


BEDFORD COUNTY. 


PS ES ANTITOSS Mere (nic telalecorereelsloiefera/oletareycjalexe.essjele Byatatelafatarciciaieieters alelstarelsiesatetinstelclere Bed fOr de sericjeieie syaleroecotatereinrne 2M 
ACO MES ALIU ATES orc icteicicicsaveleveveselete'olelaicicieiatarsisisiejareieveyalelecsiz(aicletayeleiais eretecsicrsce Bedford: aeasts,.icstemises etecties 3 
PUM CA TEV RG TLC vata crmeisme rec eroinia ores cenicloteVereisictoele nus ie(ctera ecoretevotalajelevs oreisve eters Atuml Bank. 7 sctecsemicece 2 
ROCA celessrcreieisia:6 eletuiete ojesstelele.o.je\e\eloveiers\ereysiasa) Vs) e(eie wieiereicie\e.e{0 eis ce\esoloyerevbre arene eUoTerever ais eteYareiaieterefovsvsle erm eis eine ve 
BERKS COUNTY. 
SO ViA DTT cal ryn pss COU GG ates atesararcrsraraisiclats|stetetaloversierere ersiaveichelelslayefereisiete averereieieiavaraysiaie cls Centreport, acs seeders 34 


BLAIR COUNTY. 


SAAC Eee ICOIN Drow o clels clsleisse(cintceloisicie.s sieleoitiessisoideisivis nisi vive eomaleicineeccayne East Freedom, <2 0... 8 


BRADFORD COUNTY. 


LOT AT UVM SW ceole aiclelelc, a1cieieieisiele’eys!sisiers\e o/c) e/ee/0[s"0,0ieietele/6!ale'slsfeieieletersieie’hiee Neath: sesetoonsecsenisencces 14 


ET OLACOT ATM Yssene tra stonie luis cfoveie a elosece ateles teiels's Siclojets (o;2j010 afore ojalelere/avslsieteleielass 7 
D. Landreths’ Sons, No. 21 South Sixth street 0 aA 10 
FOBE Pie ls MISOVELLS pviaiepeieia'ssatahalalete,s(elsiotortisissecsie’s/sie/s/e'eio leanne .. A 6 
Samuel C. Moon, ..........+ SOde Sor 50 
The W. H. Moon Co., Ve MOLTASVANLG!S “iesetcsvareciies 200 
ET OMT Ys AICI so ea cin cteleselete ioe ere's o\eieielclelejelejoisieiaioiejaislale(cterereiaieiciceteieie\erareie:sjate Mang@horne® “ ccisacse cvcioe ss 4 
SOmertOmMNUTSeENiess) cose accis.ciorecte cieiaieiciehelere eleieisic iso eielaiaersteleie'ajesetaveieiele erate Somerton. anwcccheredeneties 20 
EVO ea Ea Ge COUT) ATM tote oiclosotalelavereleleiavese/eietereaielaterelaloinielereieiovejate eiaieleleteleis\s Richlandtown, ........... 2 
PUR trea Marcy ate teyeteretevascreversvets aiclore oreVereleratetatereveimierecalele etaicie eletelsserelavelsserelesela svar syajote/a’elo\e ls sia(eraiais!s eielesere/aieieretaraiciete 299 
BUTLER COUNTY. 
LEAS) Wels) 181 a8 bee on EOC AOUCUOUC OO DONO AOC DO COROBTOCOSOOC OOM BOTOOOO Er Cn IBtitle ns We socisieilacinasionisierarte 30 
CHESTER COUNTY. 
GOT Re A CHELIS  yacorec ossreyalerstayoselelecclolczelelarorele\slets]siviatels/o10%oiele)a/=1s\alsisraja(e\ei\s\e\ aia West Chester’ a cjccecue-« 200 
Me Conard Gs JONES CO sisjecae:cjesaiats. 0 sicrese:sierc\eleia's eisVele nine alviviele wieise ofa IWGESERTOVES. Siiacmaicsisescisicrs 4 
THe INCE ror CONALE (COg oc reccieie cae sists = Bislaisiclele sieiejeieioioiersisinloeia(sieacciars IWViESEBTOVGS. Wai rarecilessanienie 4 
Hoopes) Bros, 6c ‘THOMAS, ooo. oo cece an tciece elses es seccneeacies West Chester, ..........- 600 
SRC PORCH aw 6 cic lolcieleletsieisia aseinieiaictelelolas| otele.sisisinis\sislalars}ye'evelsjejsye:eisinie.v.evnieselsiae Oxford er eie cielesisetsietcets % 
Retires tre we Oe weil eretersieiarereke olelore slova/e1ntajalola\elo(ejerelercleieleicloleiclnisisie|tlalaire.ose.e Willowdale.) fic ctcicscstacteleee 150 
ap, 383° AStd sSaooeppaooscos00DDcnoCouD aboodousocuoosononocpoccosdsonoor SpringiCltya cc osc tees ct 2 
ACR ANP Tay oni GoaoueconuavocondocenccopunyacoonaduoppoodaonnDoc Malvern Saccrcccestbcictclsiss 16 
PPG ae mere ere letelareveleteroteleteteisisveiclsvelerereseverersiaiaia/aie\sreYeleteletereleloie'e ovlois|s, s187si¥/0lsia)~\ 9] trelejareieinieis)s]sielase/afe/e}e salnseloiniave)n = 97614 
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CLEARFIELD COUNTY, 


Acres 
Grove L. Tyler, % 
Fat WW TLE TI be lelorelelalaistoteleta(eielete/stetelelerafelelelelelo{s/sielaicfeYslofoiaia\alaralncleletolatafeleretars .. Clearfield, % 
HPOLAUL Ey sicretatolaraiarainiatstoteiatevele(soisioisieie'eYere/e(elalele(e’s'e sieivivielalelele(s efejels(ol= DOOGODOO alefelelalnfeieistaloteteletelslsletnfeisisfeletaraiete % 
CRAWFORD COUNTY. 
Prudential OrChard [CO me ccinecclericleciesewinneiciislelelelelsleleleleleleicieisielsiciele --.Shermansville, .........--- 20 


John Pate & Co. lOfa lei. Se oanoddondeaopHopece 50 
D.C. “Rup .. Shiremanstown, c Yy 
Woodville Nuise [ONE Wole Woadognao * 
BU Opt Gh Deemer craicleialesojcisieinin cleleveicinieleieletsveleiatetelciateloistetsieleteierslelerereicis\eraveletelelelaietelalete/ote lots (ores ima aleisiniviclelarstateicteisteisterate 50%4 
DAUPHIN COUNTY. 
Rife & Ulrich Nursery Co., ......... oleteialeveleteieteleleteteiaielotetotorowsioisie(ecelele ROY ALON Mereicincisicicivieisteiciocale 4 
Calvin’ PA TSCHOIM, cecccierewie/siecieisieie serovar oieveieieieieveisleisieieveieisieisiele Soocoddads EMSHErVALLG Mie rercisjsicisisisineiocae 4 
GUIDETCM MOU tianiiys siciersc\stcietereia/-Verolelcleleieteieteterteteictelelereiereleleisteleteteleleieterorste ee MIITETSDUTES ciceieicleiecleiloicisie 1 
PES OC AU eo iajeretsrescis ots\evsielo'ss (el elele aceisleters iejelelelsia/elelelersielele olaleiele(eleleselelo¥ero\slefeieisiejeis’seleleielelevelefere!cia\aielelole\ele/aretesvstajeie 9 
John G. Gardner, VATA MINOM A ieicie ceetsicle\cicisiciele 7 
M. F. Hannum, Concoraville,  ...cc. ccc. 1 
SOMME TIN TN tera ate tele elavoloieteiclalelasotats oletetaterefeletelateloterarcieietsleveielal sialeilaleicleteloiet TGANSAOWMNE. “isieicisieiercieisjercre 2 
The Oak Nursery Con (PIC: Supplee, MANAE Cr) hc cccisissisicivics eee CollingGgales Ws cciemicacmests 12 
SVN Pee Me MePED CIN) CTIVETS rcrolotese ciesecateisictsreretsfate eletelsieisieicielelerstereleletelete sie irfeleleiele eee AUANSAOWNE! scciccicisc cies siele 2 
IAT SUV LOLs Meteletciciotetele clereloieleiaiaisinielsicvetteraieieisiaciecsveleleveterclelsie(elaiaisicielaista(cleterele Concordville, ....-sesssees 3 
Stuart Wood (400 Chestnut st., Philadelphia), ................ Brookthorpes Gee. ccc sc see 7 
ETOEEL I iierereteretststclsis siete alsjavelelsieve olsierers etoisletessisialstcversteterstelelevele tors teietetoloieravetelelstetelerslotershersneislcistoreletstets elelelelersteterers 34 
ERIE COUNTY. 
(Ch aok, Asa iE NG Soobnodonddeovanoodanunosseeconnodo Blerevaieetelsfere sforsre(eete Girard, ....2. alee cinteveLleseures y% 
PACED Sem NAO UIT] Sete cicreisiaicileveieielevelcieloicieje(elolelieierelsiciere eleieleleisioielelslersieieleieieisierslaratetere North hast; ssiscre. cine sos 10 
Megan Cr Se VOUT ES ec eteteisinvorerelereterniciaiereieteieniecaivieieinisivicieisie(eleleleiewcleietereielelelelevelels me eINOTEN PEAS LH relcicicisicteleiselereiers 14 
PIV Call Ouuclsterelotelotelstesolere’stelsieistcleteleroteletelelerelel<leteistslcieteseleraleietcin/eteieierelclaisistelctelsteteistelsieleteieleieretereielsletelaieietaieletetstomate 2414 
FAYETTE COUNTY 
RIRMS EQLIIN By Ge nw SOM cetercvoisistelatala:eis\slevejciaie(etelsierote ele(sielels|atsielerolotoierereleleialetetersicrs IMASONLOW My tcloieicicicleieieiciela's 20 
FRANKLIN COUNTY 
MS VOLS eh SOG so icetere oteleielee)sioieiclolaleieicieleleietclolol-lela/niavelaia(acielein\ereisieleroieteleicialereleie rotors Chambersburg, ........... % 
iPlepbhe UPR “sanouddoanoocauToODuuD DodbdoguddoadcUudnEEcoddoondECDDY Chambersburg, ........:.. % 
Jiro, Nite Clooly Aaenccuonoooninacscpcdesdadeeacodadc vonocucedudoondooudde Waynesboro, ..........-+. % 
RPV) EEL OIL CEI TION, Gercicsascre vlcvs crevers alors icratevatalstaraje a) etelelsiele\e einieioie‘eleyela:evaimiwreial ote Green’ Village; o..0.-.--. 6 
SUVAIIT ArT aERCGCC a mrcrcteyerernicrerelelelscinrelsisie eleemiclsleiselecielsisieteete siete teletels arereiesete Chambersburg, «.........- yy 
TOC EI Mame eve revsieicicrera stcieloisissatetatelajele(ele/aleiars(eleisicte etetste’eteieleleteleteisiereisiejatciatele fe siuieroleloloralerroloyotetetaisteketepateleteteteterstetete TH, 
HUNTINGDON COUNTY 
PE CLEOL AMY, CET: eaarctncisicie eocisielorcleleieleveie.ctalelelsicielololbleleloleialaterafels(elqieisieistel fers Huntingdon, ..........--- 8 
JUNIATA COUNTY 
TGANGIS CceeVVAE NEI ec cucmictcte cisterna vis cisieis sieiefeielele = Sava inrainve (orerele e ecete folete MecCullough’s Mills, vee “915 
LACKAWANNA COUNTY 
Aa eeLull eens cons At le EON Fae te RED OM. sazonseees Olyphant, hag-ne sachin Mt 1 
suse | — 
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LANCASTER COUNTY. 


Acres. 
Vitis 124s, “18a hohe, ® scaqeodacoonnapsnocoshio cond oun pUnoodd UocouubeidoroDcdc Liberty, Square; -..ni0..0.. 4 
MATIN COMES DINCOM fie ciaicis/c.e s/aieisicisisisicie.c.clnieisie.es olels(oielvisis ele slejsieisve'e Bielaielelereveje Christian as Se Sasetereicye;sisce ciel 20 
GAG AN COODCT ae rescicis’e visicvclerctetere eceiejolete elaictere e'aveiaselece oleieis ioielejcisisteisje\s}eleieleisieia’ Bird-in-Mand. «cect selenwe 3 
REOUITIM Greer OMe lavetare cieeinve cietereinieistavcieve cisisiaveinieietercieeiataia siete sinsaivic cle eleisiatelsievere DEAT ICTL A yiraseccteteisl teseleie els alelave 6 
EAE ETT LER Gra SOM), | lols 's cleisieisicie sisteisieisinvs) sloreieieie/ereisiere stelelclalsis.sleinie clajeieie'ots Mar iettaa sstsatactetstslevaniensis 2 
VO VITAL GLA TIED OY ee cicte ecovalsre c'eselvic,ors:eislersielsinis areislsie's o.eisisie(aiae:s eilO's sieteielefe’eie New Providence, ........ 2 
Peer bl HPT cAUtIN TS Lie ana anlarctcicfetelerciciats vicle.cleluiaia\aie: o1eie/atalsictate nreleieleisrevstere eleisictwicl ae ENED EIST cerecieseleieieoinarcierctie stars 8 
MSs Cig) SINE SISTA oie circ ioiosereloieleyeiose’oisietelote/e{eie/ejoie ls) cle\eletsialeiele, ole ioe clove (Giaie alee ce Lancaster, 5 
S. R. Hess & Son, DD AT AAS wh ccarcialeisivicvats:stelsie es 2 

SEGUIVE SAT CACY? Maiswine'cten sinsisieteis Mount Joy, % 
WWVTSOMER Kr CAC Ve trays cine cleleisieiclawic's tie e’ertiorsielsials ofsieieic Mount Joy, 1 
OMOWry Leh UBNE Vi ite cicciisietets Bird-in-Hand, 4 
A. W. Root & Bro., Mian ely Sivictaicicters avsierorse 6 14 

BIG Eel a etetaraisroietersyateiterareiatareicveis late oievelar=calere e efatelata/etnvaioielesele caja everslcleyelaiara'eyaraielele eves iisie/e erciets sfovsierafeveiarctotateye T1% 


LAWRENCE COUNTY. 


AV Weer cep eS CZ sare atere.oists a cialeisistorsicteta tis cjaieialoieie siaisieleisisiniaiole cise cccievane New Castles. 2 cijcccnccceis 2 
1D), Ga MET waa anosonoeonrtancneotennocoriicnocanutanncenacaoccdenner New Wilmington, ......- Z 
EMV ET AVOS Niraelcisceccicicie'e's siesorercisicteleisieveisie sjercieis(icretelaie cisiere siclcetoniele/eieis SoS CSSCMER Maicscsieisicistacrsleieists 3 
PACES oe MOONS Shale ciniorciesetafarsclsie soictecelelolsielelsiaie’s ciale sieieieicletere\ojsielorele visjaieioiersia/eies INew Castles saci calcisie ce 1 

BU OU EE I rare ratele (era's: aieie ale: efe;ctora?svelsiasateiels erslele’eletavaleis)siereiaisiate l= daveitic\cislsialeialeisie. yale. clarsiovereie/ wis wbibioig alwcietelee walalate 8 


LEHIGH COUNTY. 


WV fees eter DONNSOMNG cercrsiisisicicis(eteis:sieleio sis sielsis aisisiv.csicieleieisiels piesisiee se'siesisiere A LLETICOWNs, mcis cisieialsiaicie cieeiele 22 
LUZERNE COUNTY. 
13%, EMAC Boosonoooadcdode sojerajsialersie(s)siaveie's niojere slo isisiele aieleisialecslaccieleyela ese cPIKGLOD, ccccccevsccceccccsns 3 


“Rhododendron-Maxima.’’ 
Manning Bros. (1101-4 Tremont Building, Boston, Mass.), ....New White Haven, ..... 8,000 


LYCOMING COUNTY. 
I VETOON SOS! a Moiese visleiessialsie cieeieisisie assisferote slajeicle{elsieielee}sleisislaielelevefeie(a)slalere Williamsport, ......se.ece 1 


MERCER COUNTY. 


see rem ET OO DET oem orcyereteie clave’ aroleicie/e(eiainis sialeiciaiosstalalsiaicieva’rie(ele sloisiale sieve eieie ooes..Chess, 3 
Mable Nursery Co. (S. E. Bortz), . oe - Transfer af 
RISEN CLS OTL ie ciaie cicisieisiniw oio.cielsioiaicleree sicivic'e ---Indian Run, 3 
Se CT celetoseiciersis'sicveieve/cinreis ate Tersia aleicielovele auoleleletai cisia efeteieinislelaiovelersio ... Chess, 1% 
ATO La at apercietes sr cvasstaie cic iets einiexs’s/xcolclele ors"eseistelelescis’eieCecote viele otereisisie’s sie(aletstorclereies Eyatalsiatalaicisicvarslerarstetorcicieterevelsiatete 816 
MIFFLIN COUNTY. 
POUT eel OD LOT YE ciecevesa'a(o,e(ers0, e\s/etere|eierelsvelsiovsievelesiejers aisle ereialoiereisieteielsiatare weve MAItlANG,  h.cereinieisincieielesieiele 1 
MONROE COUNTY. 
‘“*Rhododendron-Maxima.”’ 
Manning Bros. (1101-4 Tremont Building, Boston, Mass.), ....Cresc0, ........-.ee+eeeeeee 2,000 
MONTGOMERY COUNTY. 
RIT Ol PESTON Ma eles wrctate ayeloretelnvere)sisisisinleysisio/claleyelelsie sles <leislo,e'vie}s/eiosele\siniaie cle FV ACH] Cio oictare niciercisisisisieteieiele y% 
(GOBPET GSN 111 Se SONS mieiseiic cisictacietelolcleleiclele ceinielele eisielereicieseleiele.ciaistelelelevereiece vice MCKINNEY, - . cisco cjocrisciceecie % 
PROD ET tal Came kL BIN CS COS mura ciaiersis c(cleisjeletslole:clclolsieicisietetoissalate’s siexsis\sie(e\steistaieiele Cheltenham ce rearsrseiceics 6 
RIES EL OCCICLE Te iaicaiatevarsl ctetateta ayeio'sisielelelve’ereisre(ale e\e/elsiersterelele e(ersrilsieieinls| e(aisialere MATS CANS Se irarererosclescverersielelars.c\s 4 
GDTISMPISOCNI ST rec csnnreracis cincralicieisienisie craciealorsicleicieielaloislelstsleleclsiuisie eieisie OX: MCHASE? i cciccreisisisisiareloisiess 2 
MiromaAs Meehan (6. «SONS; DIC eieicaieic/se!aivicie sie ole's'e:sivieis.ejeccicie SOgDRGaS DreshertOwn,  cicesicsicccce 200 
JAMES RTE WSON 6 |SOTNSH aa. sreicicteiele’s.s/eie[sistelolereiejoie ei s\eisisisjcisieleleiele(s(e\elelele Cheltenhame cn, secsiec 12 
DV ACODMES SM OOTC Hiostercisvalsieie o(eielejelafo(sYole)e/vla\etelelolsiess{sielsie'evevele.o.sjs\eVeie/ele’sre ele’sis)e%, PVAtHel di s%-7.csicreieisicisiaisieivjele 5 
OHM RIGE cro das ceseneacenccens BET Soul sieeoicise one eleleleisiaieie wisleisteleiecls Jenkintown; s225 caceases 10 
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ANNUAL ADDRESS OF THE SANITARIAN. 


By BENJAMIN LEE, M. D., Philadelphia, Pa. 


Mr. President and Members of the State Board of Agriculture of 
Pennsylvania: 


Gentlemen: If the position which I have the honor to hold in re- 
lation to this Board, and I desire to say that I deem the honor a dis- 
tinguished one, if, I say, this position is to be something more than 
merely honorary, it must be made so by furnishing you information 
on the only subject with which I can claim intimate familiarity, 
namely; the preservation of your health and that of your families. 

I cannot talk to you about mangel-wurtzels and manures, fan- 
tails and fertilizers, corn and cucumbers, ruta-bagas and rotation of 
crops, or potatoes and pigs; but I can give you points on health and 
hygiene. Health, the greatest of all earthly blessings; hygiene, the 
science and art of securing and prepetuating that blessing. He 
who spake “as never man spake” said, “They that be whole need not 
a physician but they that are sick.” I suppose that the meaning he 
desired to convey was, ”They who consider themselves whole, that is 
in good health, do not feel the need of a physician. but they who 
know that they are sick.” There are many people both in the city 
and country who think themselves whole but who carry within them 
the seeds of disease or damaged organs. These people do not appre- 
ciate their need of a physician, but some day they drop dead of heart 
disease, or fall in the convulsions of Bright’s disease, or are stricken 
with apoplexy as by a bolt from Heaven out of the clear sky, or 
sink to death in galloping consumption. All of these people do need 
a physician, but they do not know it. They may have some little 
premonition of impending trouble but they explain it away, and 
will not allow either to their friends or themselves that there is any- 
thing seriously the matter with them. They “are not going to fool 
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away either their time or their money on doctors.” Too often they 
adept a compromise and do fool away their money on quack medi- 
cines; while, if they would manfully face the music, and obtain the ad- 
vice of a competent physician when their first sense of discomfort 
begins, he could detect the hidden source of danger and give them 
such advice as to the conduct of their daily lives, their food and 
raiment, ‘their meat and drink, their labor and their rest, their 
working places and their dwelling places, as would stay the progress 
of the incipient disease and greatly add to their capacity for work, 
increase their comfort and prolong their lives. The majority of them 
indeed do not only feel no gratitude to the physician, who informs 
them that their condition is one which will result, if unchecked, in 
premature death; they actually feel a certain amount of resent- 
tuent against him for daring to make such an unpleasant sugges. 
tion, All this, which as I hawe already acknowledged has no es- 
pecial pertinence to the Agriculturist, more than to the dweller in 
cities, as a prelude, and to establish a parallel along which we may 
work to illustrate our second thought, which does have a distinct 
and special reference to the agriculturist and to the resident of the 
Village and small town. 

During the period since I studied medicine there has grown up a 
distinct branch of the science known as Preventive Medicine or State 
Medicine, the object of which is to elevate the standard of health 
in communities or what is known as “public health.” Now just in 
proportion as a community or a certain class of the population con- 
siders itself whole, it fails to appreciate the need for State Medicine. 
Inhabitants of large cities have it forced upon them by the condi- 
tions which always accompany the crowding of a large number of 
people into a small space that certain of these conditions endanger 
the health of all who come within the reach of their influence; that 
certain regulations must be adopted to control these conditions 
and that the regulations are of no manner of use unless there is 
some one whose duty it is to enforce them. The gradual crystalliza- 
tion of these lines of thought results in what is known as a board 
of health; and no city which makes the slightest pretensions to intelli- 
gence and civilization is to day without a health authority, whether 
under the name of board of health, bureau of health or commissioner 
of health. But the moment we get out into the country all this is 
changed. The farmer and villager meet us at once with the asser- 
tion, made in good faith, “we are whole.” ‘We need no physician. 
Our region, our village, is famed for healthfulness. What need have 
we for State Medicine? We have no use for a board of health.” 
Wrathful indignation breaks forth against the unfortunate who ven- 
tures to make the suggestion that it would be possible by any human 
device or regulation to prevent one early death oer prolong one 
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life in a locality so famed for its salubrity. And so, when one of 
your chief men is stricken down by a disease which State Medicine 
has proclaimed and proven to be preventable and therefore unnec- 
essary; when you drop the hot tear over the pallid or disfigured face 
in the little coffin; when with bowed head you follow to the grave the 
partner of your life and your affections, all victims of contagious dis- 
ease, you fold your hands and say “It is the Lord’s doing, we must 
bend in meek submission to His will.” And this you call being 
religious. What kind of a religion is this that charges the Almighty, 
the loving and tender Father in Heaven, with the result of your own 
‘arelessness and negligence! Your own wilful ignorance of His 
laws. 

The assumption that, in proportion to population, the diseases 
which State Medicine declares to be dangerous to the public health, 
and which boards of health are established to combat and prevent, 
are less prevalent in the country and country villages than in large 
cities cannot be proven. Typhoid fever, as many of you have had oc- 
casion to know to your grief and sorrow, is often a visitant at the 
farm house; scarlet fever and diphtheria are only too well known in 
the rural town and the mountain hamlet. Mining settlements and 
lumber camps have been hot beds of small-pox during the epidemics 
of the past three years. As a rule the large towns have become in- 
fected from the country, and the villages, and not the country and 
village from the city. And yet the first message which the State 
Koard of Health receives from these sparsely settled districts, some- 
times by mail, sometimes by telegram, sometimes by telephone, is 
“Small-pox here. No board of health. What are we to do?” Why 
is there no board of health? The State Legislature, now some years 
since, authorized the school directors in every township to organize 
as a board of health, adopt regulations, enforce the State law for the 
prevention of contagious and infectious diseases and employ agents 
for this purpose. Why has this law been allowed to remain to so 
great an extent a dead letter on the statute book? To use the idiom 
of the day, “it is up to you,” gentlemen of the State Board of Agri- 
culture, you who represent the brains and intelligence of the dis- 
tricts from which you are sent, you who are leaders in your respec- 
tive communities, you who collectively wield a greater influence in 
the State than any other association, craft or calling in the body 
politic, to answer this question, and I leave it with you. 

Let me briefly detain you to listen to a few facts and figures in 
connection with the present prevalence of small-pox in the State. 
More than three years ago, in the month of September, 1898, two 
soldiers, belonging to Battery C, U.S. V., returning from Porto Rico, 
came to East Vincent township, Chester county, bringing small-pox 
with them. Ten cases developed in the township, with two deaths, 
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and the disease was communicated to Spring City, Chester county, 
and to Royersford, Montgomery county. By the energetic action of 
the Medical Inspector of the State Board of Health for Chester 
county, Dr. J. G. Shoemaker, in whose recent death the State and the 
3oard have sustained a most serious loss, the disease was effectually 
stamped out. But the circumstance was sufficient to indicate to the 
State Board that similar cases must constantly occur with the re- 
turn of large bodies of troops from the West Indies where this dis- 
case always prevailed under Spanish rule, without the slightest at- 
tempt at restriction, and steps were at once taken to inform all boards 
of health that it was their duty to prepare for the inevitable epi- 
demic. With the exception of the large cities of the State, with well 
organized and experienced boards, this warning was “as the idle 
winds which they regarded not.” A few school boards organized 
as boards of health, and they have since had reason to congratulate 
themselves on their wisdom. But asa rule, throughout the rural dis- 
tricts nothing was done. The prophesied epidemic, starting natur- 
ally in Florida where the great majority of the troops were disem- 
barked, travelled steadily up along the coast, entering this State from 
Jumber camps in Virginia and Maryland. In one of the counties of 
the southern tier it prevailed throughout the mountainous, sparsely 
settled, districts for many months unrestricted, and in fact rarely 
recognized, until it reached the most important borough in the 
county, where, as there was a board of health, its true character 
was determined and the State Board was notified. From this start- 
ing point, in the rural districts it spread all over the State, pre- 
vailing principally in farm houses, mining villages and lumber camps. 
By the wisdom of the State Legislature, a fund of $50,000 had been 
created several years before, on which the State Board of Health, 
with permission of the Governor, the State Treasurer, and the Au- 
ditor General, could draw in cases of emergency, and by the judicious 
use of a small portion of this fund, the State Board was able to es- 
tablish quarantines and furnish vaccination in the rural districts 
with great promptness, so that at the end of twenty months, although 
3,194 cases had occurred, and twenty-nine counties had been in- 
vaded, with 178 centres of infection, it was able to declare that the 
disease was entirely stamped out. 

Three months later, however, two children from Colorado, where 
small-pox was then extensively prevailing, came to a borough near 
the Capital of the State bringing the infection with them. The dis- 
ease quickly spread to Harrisburg and to neighboring hamlets and 
villages, and eventually over the entire State. It was also subse- 
quently brought in from other States. Owing to unfortunate dissen- 
sions in the last Legislature, the emergency fund appears to have 
been overlooked, so that the State Board is now entirely without 
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means to carry on the work of prevention as in the previous outbreak, 
and the disease is still spreading, especially in townships, new 
centres of infection being reported every few days. All that the 
State Board can do under the circumstances is to use its best efforts 
to induce the school boards to organize as boards of health and 
rigidly enforce the law of 1895, for the restriction of communicable 
diseases. They have ample authority, but litthe money. The law 
authorizes then to employ a salaried sanitary agent, but makes no 
provision for other expenses. They should therefore at once con- 
fer with the county commissioners and poor directors and make ar- 
rangements with them for bearing their appropriate share of the pe- 
cuniary burden which must be assumed, for nothing is more certain 
than that a small-pox epidemic cannot be successfully managed with- 
out the free expenditure of money. 

But to return to our figures. The two children from Colorado ar: 
rived in January, 1901, about twelve months ago. During that 
iimme there have been reported to the Board 2,689 cases; of these 1,905 
have occurred in cities and boroughs, and 984 in unincorporated rural 
districts. The population of the cities and boroughs concerned is 
1,959,510 while that of the rural population is 44,722; so that the num- 
ber of cases in the cities should have been forty-three times as great 
as that in the townships, in point of fact it was only about two 
and two-thirds as great. From this we make the deduction that, so 
far as small-pox is concerned, at the present time there has been, com- 
paring the populations of infected townships with those of infected 
cities, at least fourteen times as great a prevalerce of the 
disease in the townships as in the cities and_ boroughs. 
This statement strikes you as preposterous. And yet a 
moment’s consideration ought to convince you that it is simply 
what might be expected. In the city, take Philadelphia, Pittsburg 
or Harrisburg for instance, the moment a case of suspicious eruptive 
disease is discovered by a physician, he notifies the health authorities, 
who send an expert to determine the diagnosis. Should the case 
prove to be small-pox, the house is placarded, and guards are es- 
tablished. Within two hours the case has been removed to the 
Municipal Hospital where the best medical skill is available for its 
care and recovery, and the inmates of the house have all been vac- 
cinated. The house is absolutely sealed up. No one comes out or 
goes in, and this strict quarantine is kept up until the danger point 
for the inmates has passed. When the house has been thoroughly 
disinfected they are allowed to go out and mingle with the public. 
But this is not all. The school authorities, if there is a child in the 
house attending school, are at once notified. The children are dis- 
missed and the school closed and not opened again until it has been 
thoroughly disinfected. In addition to this, all of the school children 
liave been already vaccinated in obedience to the State law. 

13 
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Now contrast the condition in the townships. If the patient is not 
very sick the probability is, that to avoid expense, no physician is 
called in, and no precautions are taken. His friends drop in to see 
him. The children, unvaccinated, as is the case with most of their 
school-fellows, go to school every day as usual. ‘At the end of two 
weeks some of the children of the family are taken sick and at the 
end of another week some of the neighbors begin to develop the same 
symptoms. It begins to dawn on the minds of the community that 
an infectious and contagious disease is spreading among them, and 
one of the families thinks it well to call in a doctor. His suspicions 
are aroused. Other doctors are called to see the case and still other 
doctors see other cases. Then the comedy of what'may turn out to 
be a tragedy begins. Not one of these doctors has probably ever 
seen a case of small-pox. The doctor who discovered the first case 
and suspected its true nature is set at naught and ridiculed if not 
threatened with personal violence. Dr. Bolus does not hesitate to 
pronounce it to be chicken-pox, and will stake his reputation on it. 
Dr. Pilule calls it ¢mpetigo contagiosa and rolls the grand sounding 
name off his tongue with much satisfaction. Dr. Physick says that 
its nothing in the world but Cuban itch, unaware of the fact that 
Cuban itch was the name given to small-pox by our soldier boys in 
Cuba in jest. Dr. Aloes pronounces it with still greater acumen, 
Philippine measles. Dr. Veterin is inclined to the belief that it is 
swine-pox. Dr. Homeo entitles it la grippe complicated with erup- 
tive tendencies. Dr. Jalap swears that it is German measles and noth- 
ing more. Dr. Paregoric who has seen a fatal case with dark spots 
on the skin is quite sure that it is Petechial fever. And so while the 
doctors disagree, the infection travels merrily from farm house to 
farm house, from village to hamlet until it at last reaches a borough 
or city with a board of health. A consultation is at once called, but, 
while a difference of opinion still manifests itself, finally, that is to 
say at the end of an hour, not of several months, the opinion of Dr. 
Wiseman prevails, to the effect, first that as the case is a suspicious 
one it should be at once strictly quarantined, and, secondly, that, 
as like his brethren, he is unable to make up his mind on the spur 
of the moment as to the exact nature of the disease, it is desirable to 
summon an expert to whose decision the question may be referred. 
The State Board of Health is at once telegraphed so to that effect. 
Within twenty-four hours the expert has reached the spot, the 
ease is decided to be true small-pox of a mild type, and all necessary 
precautions are taken. The infection is stopped right then and 
there, possibly not another case occurring in the borough. Is it any 
wonder then that small-pox prevails to a very much greater extent 
in proportion to population in townships than in incorporated cities 
and boroughs which are compelled to maintain boards of health? 
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But you say, “It costs money to establish quarantines, and town- 
ships are poor.” ‘The first statement [I admit. There is nothing 
worth having in this fallen world that does not cost money, but the 
plea of poverty I do not admit. In proportion to population and 
comparing the relative demands for expenditure, I believe that the 
residents of a township are just as well able to pay a reasonable 
health tax, as those of a city. And in the end it would prove a sav- 
ing, just as the maintenance of a fire department does in any com- 
munity. Should you not be too much out of patience with this long 
homily to be willing to continue me as your Sanitarian, I shall hope 
to preach you another sermon next year on the text, “Its an ill bird 
that fouls its own nest,’ and show you that there are other condi- 
tions besides the prevalence of contagious diseases which make it 
imperative that no township should be without a board of health, 
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DAIRY HYGIENE. 


By Dr. M. E. CONARD, Westgrove, Pa. 


In discussing the importance of dairy hygiene, we are confronted 
by the many prejudiced impressions in the minds of people who seem 
to think that we are advocating an entirely new thought and prin- 
ciple, possibly, for self gratification only, which, if put into practice, 
must entail burdensome inconvenience and expense upon the pro- 
ducer of dairy products, which bring in no adequate return or com- 
pensation. If this view of the subject is a correct one, the life of the 
new departure will be short, and we shall soon return to the “good 
old days” of the wooden milk bucket and earthen milk pan, with all 
their accompanying adjuncts in the dairy industry. 

However, modern life has its needs, and those needs show little 
respect for logical prejudice. The days when every man could go 
out to the forests and streams and kill what food he needed are 
past. Our food supply is now often drawn from remote sections of 
the country. The farmer of one-half century ago, driving his cattle 
along dusty miles of road to market, finds a curious counterpart in 
tbe modern stock raiser, who sends his cattle a thousand miles to 
the stock yards, without leaving the comforts of his own home for a 
singie night, and receives the returis for their sale at his own door. 

The conditions surrounding the rearing of live stock, and the 
marketing of their products are matters of the greatest importance 
to our railroads as well as to the consuming public. They fre- 
quently demand local or State investigation, and are often a topic 
for international discussion. Bad health amongst our live stock, 
and the consequent unhealthfulness of their products, affects our 
general foreign trade; for it is recognized that man and the lower 
aLtimials in a greater or less degree affect each other, and that some 
diseases can Le transmitted from man to brute, and from brute to 
man. An facts that can reduce the spread of contagion are, there- 
fore, of the highest importance to man, and those engaged in increas- 
ing and disseminating our knowledge of them should be classed as 
putlic benefactors. 

The commercial conditions of to-day have called into existence 
hundreds of crowded towns and cities, in which wholesome food 
is wn absolute necessity, and in which unwholesome or infected food 
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means a pestilence; consequently, any movement that insures the 
product‘on of better meat, purer milk, better food in general, means 
fewer cases of sickness, a smaller percentage of deaths—results 
which should receive the bearty and liberal co-operation of all in 
their attainment. Probably there never was a time when there 
was more atteation paid to the production of pure foods, particularly 
for the weaker portion of our race—the infants and invalids—than 
now. I[t is reasonable that this should be the case, for there never 
was a time within our knowledge when the causes of the contamina- 
tion of foods was so well understood as now, with possibly much 
more to come. A more accurate knowledge of the appearance, life 
history, and favorite environment of many of the unseen species of 
anizcal and vegetable life bas revealed to us many simple facts that 
explain away mysterious conditions of foods which were previously 
accepted as inevitable, but are now easily understood and controlled. 
Objectionable conditions arising from bacterial growth and multipli- 
cation, can often be remedied by preventing this increase, and de- 
sirable conditions or changes in foods can often be produced by 
favoring the presence of certain forms of germ life just as we destroy 
from our fields all forms of vegetable life except the particular kind 
we plant, and desire to grow for crops. It is just as objectionable 
to have “weed” bacteria growing in our foods as it is to have the 
larger weeds growing in our fields. 

The conditions above referred to apply to almost all kinds of human 
food, but especially to dairy products, for the reason that the product 
of the cow is an animal food, and possesses within itself all of the ele- 
ments needful to develop all parts of the growing animal. As milk 
and butter are generally eaten without cooking, and without in any 
way destroying the bacterial life contained therein, we see the need 
for their being produced under such conditions as will insure the 
least possible risk from invasion by injurious germ life. Now milk 
is one of the best culture mediums for germ life we have; this fact 
verifies the importance of our subject. 

As hygiene means the rational and methodical use of everything 
essential to the preservation of health, and, by implication, life, dairy 
hygiene must mean the proper and rational preparation of such 
dairy products as we consume for food, so that when taken into the 
stomach they may produce only such results as were intended by 
nature they should, and be replete with all the life and strength-giv- 
ing elements required for our best growth and development. Nature 
in her wisdom has provided that milk should be consumed in the 
most hygienic manner possible, and that is without its ever seeing 
daylight or coming into contact with the outside air. This is ideal 
hygiene. But if such protection as this is needful to have milk ina 
purely hygienic condition, we may well perceive how far we fall short 
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of the ideal when we expose it to stable air loaded with dust, to the 
falling hairs from the animal’s coat, and to many other unsanitary 
conditions, during its commercial life in passing from the udder of the 
healthy cow to the stomach of the consumer, possibly one hundred 
or more miles away. 

If the laws of hygiene are so strictly followed by nature in guard- 
ing the health of the young of animals, why should we be indifferent 
to the importance of their application when it becomes necessary 
for man to use the milk of the cow as a commercial food product for 
the sustenance of that portion of humanity who need the best and 
purest the market can afford. Do we not blunder to the verge of . 
sinning when we go on with its production from day to day under 
conditions that are far from being conducive to the result demanded 
by the age—a food product that shall be ideally wholesome and nutri- 
tious, and imparting only health and vigor to the consumer. 

It is not a new thought or principle that is involved in dairy hy- 
giene, but on old principle or law of nature under a comparatively 
new name. We oftentimes shy at names before we understand their 
true meaning, and the sense in which they are-meant to be used. We 
have always practiced dairy hygiene, so far as its principles have 
been understood, by giving our dairy products such care and protec- 
tion as we thought necessary. We did as we were taught, but the 
teaching did not convey the idea that there was dirt which the naked 
eye could not discern, or which could not be removed by the or- 
dinary strainer. In short, we applied the principle according to the 
knowledge we possessed. We did not know so much of the unseen 
world in the past as we do now—that world teeming with life which 
has been revealed to us by the aid of the microscope and the pro- 
cesses of the laboratory. We did not know that particles of dust 
could be the means of conveying from one place to another the germs 
of fermentation, or those of disease, the deadliness of the one or both 
depending upon their origin. 

The application of the principles of sanitation, or hygiene, must 
depend wholly upon our knowledge of the possible and more probable 
sources of contamination, for without such knowledge we cannot 
guard the channels through which contamination or infection is 
likely to course, and it is a well established fact that we cannot by 
our senses, or otherwise, detect the presence of germs in milk or 
other food until they have produced in them the consequent changes 
peculiar to their species. When it becomes necessary to prevent the 
entrance of such germs into our foods, we must adopt such means 
in their handling as will not expose them to conditions to germ life, 
for where germs are present, they will surely find their way to the 
soil most fertile for their growth. 
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If bacteria are known to abound in dust, dirt, or the hairy coat of 
cattle, or the soiled hands of a workman, or in his clothing, or in 
poorly washed dairy utensils, or in an atmosphere which has been 
contaminated from manure piles in a heating condition, or in stag- 
nant pools of water, it becomes our moral duty to our fellow man 
to remove such conditions from our dairy premises. We must not 
think to tolerate them just because of our knowledge that their harm- 
ful influence upon our milk and butter can be arrested by the ad- 
dition of chemicals in the shape of preservatives. Let us remember 
that milk is a complete food, containing all the elements necessary 
to the growth of bone, muscle, hair, nails, and, in fact, every part 
of the body, and that these elements or constituents of milk are found 
in the right proportion for the proper development of the body, hence 
anything done by us which results in a change of its constituency 
just to that extent interferes with Nature’s plans. If we take froma 
food, we lessen its nourishing power; if we add to it, we change its 
qualities in accordance with the character of the substance added. 
If we add pure water, we simply make the milk less nourishing; if we 
add sugar or starch, we increase that constituent of the milk in pro- 
portion to the amount added. But if we add a preservative of any 
kind we thereby add something that is injurious to life, because it is 
used as a poison, i. e., it is introduced to destroy the life of those 
germs or micro-organisms which by their growth and multiplication 
cause the many changes so common in milk. If a preservative is 
poisonous to small fry it must be proportionally so to larger animals. 
If not injurious to life it is not a preservative. Even cold is injurious 
to life, and it is for that reason it becomes so valuable in the preser- 
vation of milk, meat, etc., and it would be just as injurious to health 
were it taken into the stomach, and kept there, as other preserva- 
tives are. But it is the only preservative known that can be added 
to food and maintained there until the food is to be consumed, and 
then effectually removed, leaving no trace of bad effect. It is 
Nature’s only preservative; all others come to the ingenuity of man. 
If food were taken into the stomach at a temperature of 40 degrees 
Fahrenheit, and that temperature maintained, the result would be 
prompt and serious. Cold does just what other preservatives are 
meant to do—merely arrest germ growth. Upon its removal the 
germs may again become active. And so a reduction of temperature 
does not actually poison or destroy germ life, but places around it 
conditions that temporarily arrest its growth and development. 
Now if it were possible to so handle and protect milk during its 
commercial life as to totally prevent the introduction of any germ 
life whatsoever, and were the cow from which the milk is drawn 
perfectly healthy, we can readily see that it would never go “gour. 
But such a degree of perfection and cleanliness is not practicable, 
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at least within the limits of our present knowledge. And yet it is 
very desirable that we should approach as nearly as possible those 
conditions which will admit of our prolonging the commercial life 
of milk, so that it can be consumed with safety by the babe or in- 
valid at a distance remote from the source of supply. 

This realization of the importance of an intelligent application of 
practical dairy hygiene has made Denmark famous throughout the 
world for her fine milk, cheese and buiter, and has enabled her to 
capture the best markets for the last named of these products. 

It is a foregone conclusion that the more sanitary care of milk 
will reduce the percentage of loss in its commercial handling, be 
it shipped to the city markets or sold at the near-by creamery. So 
the problem before us resolves itself into a financial proposition, as 
well as one involving the health of the consuming public. Whether 
such care as we are contending for will pay or not is no longer an 
open question, for it has passed the experimental stage, and is be- 
ing answered in the affirmative by actual experience in many of our 
up-to-date, or, I might more properly say, “pioneer” dairies. It is 
well known by all of our best informed dairymen that if milk is 
properly handled during the first two hours after being drawn from 
the cow, the souring process is very much retarded. 

It is not the purpose of this paper to discuss methods of applying 
dairy hygiene, but we think that if every creameryman or milk 
vender would receive only such milk at a remunerative price as was 
known to be handled according to our best knowledge of practical 
hygiene, and all other milk at a lower price, the object lesson would 
be a good one; for we know from personal experience that the per- 
centage of saving to the sanitary operator would compensate him 
well for his extra labor and expense, besides placing him on a higher 
moral plane, and introducing him into a more progressive frame of 
mind; while the man who preferred to cling to the good ( ?) old way, 
and take the lower price for so much of his product as he succeeded in 
getting to market in a salable condition, would soon see the folly of 
his ways, and enter the ranks of his more thrifty neighbor. 

The question may arise—“What constitutes practical dairy hy- 
viene?” We would answer: A knowledge that the cows are free 
from disease; a well lighted and well ventilated stable, with 
floors and troughs of such material as will not readily absorb liquid 
manure, and with sufficient fall for effective drainage; promptly 
cleaned daily, and well dusted over with land plaster or South 
Carolina rock; the side walls and ceilings should be smooth, and light 
in color, so as to prevent the collection of dust; the cows should 
be clean; brushed off daily, and, if necessary, have the thighs and 
hips clipped, to prevent the collection of manure; the milking 
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should be done by cleanly persons, with dry hands, and having the 
soiled clothes covered with an outer garment, to prevent the shedding 
of dirt particles into the milking pail. The prompt removal of all 
milk from the stable, and its being immediately strained, and cooled 
to a temperature of 50 degrees F., in an atmosphere free from dust 
and all taint of the stable; if not to be shipped immediately it should 
be stored in ice, so that the above temperature may be maintained. 
The utmost cleanliness should be maintained at all times, particu- 
iarly with the dairy utensils, which, after a thorough washing with 
warm water and soap, should always be sterilized with live steam or 
boiling water, and then be exposed to the sunshine and pure air. 

We have not asked for the expenditure of much additional money 
or labor, but simply for the intelligent use of what we already com- 
mand. Practical dairy hygiene calls for good, healthy cows, prac- 
tical inexpensive stables, and rational methods; that is all. The 
‘methods pursued, however, are of the greatest importance. No 
man has a moral right, nor should he have the legal right to sell or 
hand to his fellow men, be he milk vendor or creameryman, the pro- 
duct of any dairy that does not receive the best sanitary care that 
his means and conditions will admit of. The law punishes us for 
allowing noxious weeds to grow where they can invade our neigh- 
bor’s crops, but the man who dumps contamimated milk into the 
creamery tank, thereby impairing the quality of the whole batch— 
probably the output of a half dozen or more farms—goes “scot-free,” 
and ridicules the so-called “fancy farmer” who is trying to do his best 
in the direction of improvement, but is handicapped for want of a 
chance to deliver his goods undefiled. Pay the man who adopts ra- 
tional sanitary methods in the dairy a fair price for his products, or, 
rather, give him the advantage of the contingent fund that every 
creameryman is now compelled to set apart to meet the inevitable 
losses under the old slip-shod methods, and then pay the other fellow 
a proportionally lower price to meet losses, and the importance 
of dairy hygiene will be made evident to all, in terms easily under- 
stood. 
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FOOD ADULTERATION IN PENNSYLVANIA. 


By DR. WM. FREAR, State College, Pa. 


It has been requested that I prepare for your consideration a 
paper presenting the subject of food adulteration from the chem- 
ist’s point of view. 

It has been said that the manufacture of foods and the control 
of food commerce is the battle-ground of chemists. Without at all- 
failing to appreciate the importance of honest and capable executive 
action, of alert detective service, of specialized and skilful legal ad- 
vice, of the experience and investigating abilities of the physician and 
physiologist, it is true that the discovery of adulterations, the de- 
termination of their nature and amount, and the exposition of the es- 
sential facts of adulteration to the court and jury are functions with 
which the control chemist is charged. 

There was a time when the housewife, by the simple process of 
testing the solubility of her salt or sugar, could detect the presence 
of the added sand. It is said, too, that the Mayor of Guildford used 
to appoint official ale-testors who were wont to test the ale not only 
by the taste, but pouring a portion of it upon the bench before the 
inn, sat in their leathern breeches upon the bench; if they adhered 
when attempting to arise, it was considered plain that “mine host,” 
lead by unfair means, increased the density of his ale. 

The day has passed when such simple tests will much avail in de- 
tecting current adulterations. The development of modern, synthetic 
chemistry has opened vast possibilities to the imitator and adul- 
terator. It is but a few decades since the formation of the organic 
food stuffs was considered to be possible only under the influence and 
by the direct agency of the vital force inherent in the plant and 
animal; but in 1828, Wohler, by heating the corbonate of ammonia, 
produced area, the chief nitrogenous waste-product of the animal 
body; sometime later, Berthellot made formic acid, which is widely 
distributed in nature, by the simple process of exposing caustic 
potash to the action of carbon monoxid, the gas that burns with a 
blue flame in our coal stoves. These discoveries proved that the vital 
force of the chemist’s brain and the ordinary chemical agencies are 
capable of performing much, if not all of the elaboration of ma- 
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terials—not their building into tissue and their awakening to life— 
that had formerly been regarded as exclusively the function of an- 
other agency; numerous workers have since spent their efforts in 
this field. As a result, not only have many of the simpler organic 
substances of nature been produced in the laboratory, but a host of 
entirely new compounds have been built up. It has been thought 
that perhaps the principal components of foods might, because of 
their complexity, defy the highest skill of the chemist to unravel the 
secret of their true nature and, having taken them apart, to put 
them together again. But, within the last decade, Fischar accomp- 
lished the synthesis of the glucoses a group to which our starch and 
fruit-sugars belong; FBerthellot, some years ago showed that fats can 
be made in the laboratory and many investigators are working upon 
the synthesis of the albuminoids. (Such has been the progress in this 
field of chemical activity that one of the greatest of French chemists 
predicted, not long since, that by the opening of another century, 
civilized lands would no longer be dependent upon the farm and the 
transportation lines for food, but would have it made in factories of 
their own from the cheapest material—air, water, coal, ete. 

This prediction is not one over which this generation of food-pro- 
ducers needs to be particularly concerned as affecting the staples of 
life. But the manufactures of the more expensive dainties and luxu- 
vies find their fields of activity already invaded. 

The reception with which these new products are met, is not 
wholly cordial. The average man regards them as very interesting 
triumphs of science properly finding a place in the museums among 
other curious things. If they are to be eaten, he would prefer that 
others make the first experiment. If he is interested in the produc- 
tion of the substances whose market they may threaten, he is less 
dispassionate than the consumer of the brands. Meeting such oppo- 
sition, the makers of the substitutes too often turn to fraudulent 
means of securing a market, justifying their action by the specious 
pleas that the consumer is prejudiced and the manufacturer of the 
standard material is selfish and a seeker of class legislation, and that 
for these reasons it is not unjust to gain for their products by deceit 
the sale which their own merits will not at once win for them. It is 
easy to overlook the right which a buyer has to receive the article for 
which he asks and is willing to pay, even though his selection may be 
guided by prejudice. We sometimes forget on the other hand the 
truth which history teaches, that if the new invention is useful, while 
we may prevent its violent disturbance of existing conditions by the 
use of wise public regulations, we shall not prevent its constantly 
finding its place and remaining as a permanent addition to the re- 
sources of the race. 

The new problems constantly introducing themselves to the con- 
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trol chemist as the result of such increased knowledge and skill at the 
command of the dishonest, are made more numerous by the rapid 
changes in the manner of preparing and keeping articles of food. 
The modern grocery store exhibits to the buyer’s eye little that is 
edible; instead, a great array of cans, boxes, cartons, jars and 
tumblers, beautifully labelled, greet the gaze. If he is thus prevented 
from handling the food that later comers will buy, he is also prevent- 
ed from seeing, until the package is opened at his own home, the ar- 
ticle he buys. Many a fraud lurks under the cover of a beautiful 
label. 

Every age and every class has dishonest men. Pilse says of the 
latter part of the twelfth century, “False rights, false measures, 
false pretences of all kinds were the instruments of commerce most 
generally in use. No buyer would trust the word of a seller, and 
there was hardly anyclass in which a man might not with reason sus- 
pect that his neighbor intended to rob or even to murder him.” Men 
are better than that to-day. Not so many will defraud their neigh- 
bors. But, on the other hand, the resources of the fraudulently dis- 
posed have been wonderfully increased. Leaving to others the pre- 
sentation of the statistical, administrative and legal aspects of the 
subject, let us consider some examples of the various types of adul- 
teration occurring within our State boundaries, and some of the 
problems with which the food chemist must deal. In this survey, 
no attempt is made to present a full list of discovered adulterations, 
but simply to consider certain interesting cases, typifying the various 
forms of adulteration. 

These types are well defined in the Pure Food act of 1895, in addi- 
tion to which there are special laws with reference to milk and 
cream, renovated butter and oleomargarine, cheese, lard, evaporated 
apples and other apple products, fruit juices and vinegar; the Pure 
Food act follows the precedent of the English food and drug act in 
defining the terms “food” and “adulteration,” and, in most States 
that have acted in reference to food adulteration, the same general 
method of legislation has been pursued. Under this act, new abuses 
can be quickly reached, but the burden of establishing its defimitions 
and standards, and of proving the injurious character of adulterants, 
where such injury is alleged in the indictment, rests more heavily 
upon the prosecution. The special laws commonly express the defini- 
tions and often establish standards for the substances with which 
they severally deal and, in most cases, make especial regulations for 
the commerce therein and provide different penalties from those spe- 
cified by the general act. In all cases, however, the adulteration 
belongs to one or more of the types indicated in the latter act. 

This act prohibits (1) the addition of materials so as to lower or de- 
preciate or injuriously effect the quality, strength and purity; (2) the 
substitution, in whole or in part, of any inferior or cheaper sub- 
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stance—this differing from the first offence in that it evidently refers 
to the more specific cases of complete substitution, or of the partial 
replacement of a standard article by one of like purpose, but of in- 
ferior use or commercial value; (3) the reduction of quality or 
strength of an article by abstraction from it of any valuable or neces- 
sary ingredient; (4) imitating another article or selling something 
else under its name; (5) the sale of diseased, infected or decomposed, 
tainted or rotten food—or of milk coming from a diseased animal; 
(6) treatment of a material in such manner as to conceal damage or 
inferiority, of whatever kind; (7) the addition of a poisonous or in- 
jurious ingredient. In the foregoing test of types, no attempt has 
been made to adhere to the full vestige of the act, but to express the 
gift of its classification of typical offences. 

As an earlier paragraph has pointed out, the responsibility detect- 
ing the adulteration rests with the chemist. Where the adulterant 
is a substance entirely foreign to the food, its detection and usually 
its quantitative determination are more or less readily accomplished. 
But where the adulteration is such as to be apparent only in some 
change in the proportion of the normal constituents of the food, its 
detection is far more difficult. Im some instances, it is true, that 
both in the case of manufactured articles and of natural products, 
the law or some authoritative trade agreement has fixed the stand- 
ard and made the definition. There are more cases where the 
chemist is obliged to reach his own definition by careful consultation 
of legitimate trade interests and a full survey of the commodities in 
the market, and to establish his standards of comparison. So far 
as natural products are concerned, the work of standardization is 
difficult, for these products, even when pure, are found to vary widely. 
It is not hard in the case of common articles to strike an average of 
composition; but it requires wide knowledge of the causes and ex- 
tent of variation, and a patient consideration of all interests, to es- 
tablish such a minimum standard as shall, on the one hand, not ex- 
pose the public too freely to the rapacity of the fraudulent, nor, on 
the other hand, to greatly increase the probabilities of injustice to 
the innocent producer. The association of Official Agricultural 
Chemists of the United States, to whose membership all State food 
control chemists are ex-officio entitled, has taken up the systematic 
consideration of the needful definitions and standards, in consulta- 
tion with the various interests affected; it is urged that their work, 
which has the cordial support of the Secretary of Agriculture of the 
United States, may be helpful to the conduct of food control through- 
out the Union. 

Among the adulterations of the first class, which chiefly consists 
in the addition of valueless materials, there are few requiring particu- 
lar mention. Of the staple foods, milk is probably the only one that 
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is at all extensively subject to such adulteration. The occurrence of 
watering is established either by the observed reduction of the solids 
not fat or of the ash in the milk; sometimes if the sample is fairly 
fresh, it can be established by the presence of nitrates which occur 
almost universally in rain water and in flowing streams, but have 
never been found in pure milk. The writer has had recently to con- 
tend with the objection that the addition of water to milk is not an 
offence under this clause of the Pure Food act, because water, being 
itself a normal constituent of milk, can not be regarded as an im- 
purity when added without the intervention of the cow. 

Next in importance, because of the volume of trade affected, is the 
watering of vinegar. This is detected either by a deficiency in valu- 
able or indication constituents, such as acids, solids or ash, when 
compared either with the legally established standard for distilled 
vinegars, or with a fair, accepted minimum for fruit vinegars. In 
case of fruit vinegars, watering is also detectible in some cases, -be- 
cause of changes which the water produces in the qualities of vinegar 
ash. 

The addition of worthless materials, such as ground cocoanut 
shells, cracker crumbs, charcoal, etc., to spices is sometimes found, 
but the enforcement of the Pure Food act appears to have greatly di- 
minished this practice. 

Cream of tartar probably stands next to milk and vinegar in the 
frequency with which it is subject to this type of adulteration, though 
marked improvement is shown in this material also simce the es- 
tablishment of the food control; the most common, worthless sub- 
stances added are gypsum and terra albo. Partial substitution, an 
adulteration of the second type, is most common in the case of jellies, 
preserves, etc., as well as of spices and vanilla extract. 

In the case of fruit preparations, starch and gelatine afford the 
gelatinous basis of the cheaper articles. Glucose; an entirely legi- 
timate sweetening material which is quite well established as a harm- 
less and, indeed, valuable food, is the common sweetening agent of 
these preparations, though some cane sugar is usually present. The 
objection to the substitution of glucose for cane sugar without notice 
lies in its inferior sweetening and preservative power, as compared 
with cane sugar, and its much greater cheapness. The flavoring ma- 
terials used in the cheapest goods are commonly tartaric or citric 
acid, some artificial fruit ethers and artificial coloring matters. 
Such use of coloring matters without notice is doubtless indictable 
also as an offence of the sixth type, since they make the preparation 
look better than its really is. 

A somewhat higher grade of jellies is made in which cheap apple 
jelly is the basis of the preparation, to which other flavoring ma- 
terials and artificial colors are added in order that the substance 
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may pass for peach, currant or raspberry jelly. The cheap apple 
jelly is often made from the apple pomace cider obtained by repress- 
ing; it lacks the apple flavor, for the most part, and is often de- 
cidedly astringent. 

Sausage is another staple article of diet that is subject to adul- 
teration of this class. The writer has recently examined a number of 
bologna sausage to which starch has been added in considerable 
quantities. 

Maple syrup has been extensively adulterated. A little of the 
cheap, rank-flavored maple-sugar of the late runs, is made to spread 
its flavor through a large volume of glucose syrup or dissolved cane 
sugar. The polariscope shows at once, the former adulteration; but 
the latter is more difficult of detection since the pure sugar of the 
maple is chemically the same as that made from the sugar cane or 
the sugar-but. Detection depending in such case, upon the propor- 
tion in which the accompanying malic acid and ash are found in the 
syrup. 

Honey is also subject to extensive adulteration, in which even the 
bees may be made to participate. Honey has well been defined as 
the nectar of flowers gathered and secreted by bees. Its table value 
lies not so much in the sweetness, as in the fine flavors of the nectar. 
ft is often adulterated by the substitution, in part, of glucose; some- 
times cane-sugar syrup is used imstead. The polariscope usuaily 
shows such adulteration clearly, but smali substitutions can not al- 
ways be so easily discovered. For bees feeding in pine forests, pro- 
duce a honey behaving in some respects like that made by adding 
glucose. Some cane-sugar is present in nectar and is carried over, 
a small portion of it, unchanged with the honey. Bees feeding near 
sugar refineries have been found in Europe to produce honey excep- 
tionally rich in this constituent. The honey produced by the sum- 
mer feeding of bees with cane-sugar lacks the nectar flavors, and is 
not to be regarded as true honey. 

Another very frequent case of substitution occurs im vanilla ex- 
tract, where the stronger flavored cowmarin is used in place of part 
of the vanillin coumarin is made from the plant-deer tongue and 
from carbolic acid; it is the active odoriforms and flavoring sub- 
stance of the Tonka bran. While not known to be injurious, it is 
much less expensive than vanillin and of inferior flavor. 

Substitutions also occur among the spices; clove stems are mixed 
with cloves; the stem contains only about one-fourth as much of 
the valuable essential oil as the whole cloves. Pepper hulls, left 
as a residue in the manufacture of white pepper are very frequently 
added to ground black pepper; the hull is not without spice proper- 
ties, but is quite inferior to the white spice. Starch is added to 
mustard and wheat flour to buckwheat, often with the plea that 
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the housewife herself makes such mixture when she purchases either 
of these materials; observe, however, that the vendor does not seem 
particular to notify his customers of the admixture. 

As instances of common adulteration by abstraction of valuable 
substances, may be mentioned the skimming of milk before its sale; 
for its detection the change in the proportions between the milk con- 
stituents must be relied upon. The removal of much of the oil of 
cloves from the white cloves and the subsequent sale of the spent 
buds, is a matter of some frequency. The removal of an excessive de. 
gree, of the cocoa-batter from cocoa is to be regarded as belonging 
to this class of offences. On the other hand, no objection is urged 
to the removal of some of the fixed oil of mustard since that is not the 
valuable constituent of the condiment and the removal is believed to 
increase the keeping quality of the ground mustard. 

At one time, spent tea, composed of the leaves that have been 
steeped and thus exhausted of most of their soluble materials, was 
observed upon our markets. The present conditions of the import 
trade are believed to have put an end to the extensive practice of this 
adulteration. 

The adulteration by imitation and misbranding is one of the most 
prolific methods of raud. Cottonseed, harmless but very cheap, 
parades as the finest imported olive oil; this is of comparatively in- 
frequent occurrence to-day, however; white acid phosphate or a 
mixture of gypsum and tartaric acid are sold as cream of tartar. 
Fruit juices, so-called, are made from sugar, compound ethers, acid, 
coal tar colors. Dr. Jenkins exhibited to me, some time ago, twenty- 
five or thirty differently dyed stripes of wool, the variegated truth 
of which were due to coal-tar dyes, but came severally from as many 
glasses of soda water “with genuine fruit syrups.” 

Fruit flavors are scarcely imitated by the artificial ethers or com- 
pound ethers, made from acetic, butyric or valoric acid and either 
ordinary alcohol or the fusel oil obtained as a by-product in the manu- 
facture of cheap whiskey. 

Lemon extract instead of being composed of a solution of five 
parts by volume of pure oil of lemon in ninety-five of strong alcohol 
(ninety-two per cent.) is imitated by a solution of much less than 
one per cent. of citral in twenty-five to forty per cent. alcohol, some- 
times made more dense with sugar, and colored a beautiful yellow 
with coal-tar colors, sometimes with the poisonous water-colors. 
Citral forms, it is true, the most active flavoring material of oil of 
lemon, which contains between six and seven per cent. of this alde- 
hyde; but the latter material can be much more cheaply made from 
East India oil of lemon grass, which contains upward of eighty per 
cent. 

The most conspicuous members of this group are oleomargarine 
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and renovated butter. Of the former I will not speak since I under- 
stand the consideration of this substitute has been more specifically 
assigned to another. 

The term renovated butter is applied to butter which, after having 
reached such an advanced stage of decomposition as has led to its 
rejection for human consumption, has been treated in such a manner 
as to remove the decomposed materials most offensive to taste and 
smell. In the days of our grandmothers, when butter was packed 
in summer for use during the following winter, an occasional lot of 
butter that had gotten a little beyond the point of acceptatility was 
washed with a solution of baking soda, and thereby relieved some- 
what of its disagreeable flavor and odor. The processes now in vogue 
in establishments where renovation is carried out on a large scale, 
are somewhat more complex. The butter, gathered without regard 
to its degree of decomposition or exposure to filth, is melted in a tank; 
the decomposing curd the products of decomposition of the milk 
sugar, the mineral salts and the water settle to the bottom, while 
the fat is drawn off to an aerating tank. The process of aeration is 
chiefly relied upon for removal of taint. The process is variously 
conducted, blowing, pumping and spraying of the melted fats being 
employed, one or all of them, to secure thorough contact of the fat 
with the air. When the major part of the taint is removed, the par- 
tially deodorized fat is conducted into ripened skim-milk, milk or 
cream, usually the former, by which some positive, desirable flavors 
are imported, for it is now quite well established that instead of 
butter flavors being wholly due to the fat, they are in very consider. 
able degree due to the products made by the action of the ripening 
bacteria upon the milk sugar and possibly upon its nitrogenous ma- 
terials. Having been cooled in contact with the ripened milk, the 
fat is gathered and then worked as fresh butter is. 

The manufacture of this renovated article has made very rapid ad- 
vances in the imitation of fresh butter. Formerly a very watery. 
salvy article was made, whose water content decisively proclaimed 
its nature. To-day, there is little difference in this respect between 
the fresh and the renovated article. 

The detection of this substance has proven a difficult problem. It 
is, in fact, excessively rancid butter from which the bad flavor and 
odor have been largely removed. It is, furthermore, extremely sus- 
ceptible to renewed decomposition whereby the bad flavor and odor 
reappear. 

To secure a better understanding of the principles involved, a 
consideration of the nature of rancidity is requisite. It is desirable 
to distinguish between the rancidity that occurs in the pure fat, 
separated from the curd and salt; and that which occurs in the but- 
ter, containing the curd, salt and water. 
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In the case of the pure butter- fat, the changes are purely chemical, 
simce fat does not sustain bacterial life. Pure fat in the absence of 
light and air, keeps indefinitely, but undergoes a progressive series 
of changes when exposed to light and air. The nature of these 
changes has been studied by many chemists, the investigations of 
Dr. C. A. Browne in the laboratory of The Pennsylvania Agricultural 
Experiment Station being probably the most extensive. These in- 
vestigations show that the fat first exhibits a tendency to bleach, 
to become tallowy in flavor and odor and later, to assume a sharp 
flavor and pungent odor. The chemical changes accompanying these 
physical modifications are chiefly the result of an oxidation of the 
oleic acid of the butter-fat; for the quantity of oleic acid steadily de- 
creases as rancidity increases. The acidity of the fat increases with 
the rancidity, though not necessarily, in proportion to the develop- 
ment of undesirable odor and flavor. It was formerly supposed that 
the acidity and the undesirable qualities of rancid butter were due 
to the liberation of free butyric acid; but this is now shown to be an 
incorrect surmise. Butyric acid is water-soluble, while the acidity de- 
veloped early in the formation of rancid butter is proven to be due 
to insoluble fatty acids. The bad odor and flavor may be due to alde- 
hydes, which develop in larger quantity as rancidity increases, and 
are like acids, formed by oxidation. The glycerol, which is an es- 
sential part of all fats, is likewise diminished as rancidity advances. 
Schmid suggests that the aldehydes found im rancid butter-fats are 
formed from the glycerols. Scala, however, found that pure oleic 
acid developed these compounds when exposed to the air; he sepa- 
rated the aldehyde from rancid olive oil and identified it as oenan- 
thylic aldehyde, which he regards as the principal malodorous ma- 
terial of all rancid fats. Browne has shown that these aldehydes 
are changed, probably to volatile acids, in the process of determining 
the volatile fatty acid number of the rancid fats. In the later stages 
of rancidity, the volatile acids in the fats themselves rapidly in- 
crease. As a consequence of both facts, the volatile fatty acid num- 
ber of pure butter-fat increases as rancidity advances. 

The chemical changes suffered by the fat when it turns rancid in 
contact with the water, casein, milk, sugar, salt and ash present in all 
butters, have not been so fully studied. They are, in part, of the 
same nature as in the case of the pure fat. Bacterial life and the de- 
velopment of moulds are, however, possible in the presence of the 
casein, Sugar and ash, and the former is probably present in all cases. 
One fact, clearly established by recent investigations is, that when 
the rancid butter becames mouldy, the quantity of volatile fatty acids 
decreases; renovated butters, sold as such, commonly show a low 
volatile acid number, while their total acidity is high. 

As the fat becomes more rancid, whether in the pure condition or 
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in contact with the other constituents of butter, it dissolves more 
easily in acetic acid and in alcohol, the solvent employed in the 
Valenta and Crismer tests respectively. 

The fat of a renovated butter naturally exhibits most, if not all, 
of the ear-marks of a rancid butter, especially the high acidity and 
low Valenta or Crismer number and usually, a low volatile acid num- 
ber. When freshly made it differs from rancid butter in possessing 
less of the disagreeable odor and flavor which rendered the rancid 
article unsalable; no satisfactory chemical measure of the differ- 
ence between renovated and rancid butters in the quantities of alde- 
hydes they contain, has yet been found. Until recently, renovated 
butters have exhibited a distinct tendency to sputter like oleomar- 
garine when melted, and to crystallize as the result of their heating 
and cooling; but these characteristics are less possible in many 
samples of late make. 

Doolittle and Hess have suggested that, since renovated butter is 
commonly rechurned out of whole milk or skim-milk, it will usually 
contain more albumen than butter churned from ripened cream. 
This difference is sometimes exhibited in such degree as to form a 
positive means of identification of the renovated butter, but not in 
all cases. 

In the absence of chemical tests conclusive in all cases, the diffi- 
culty of a perfect control of the commerce in renovated butter by the 
usual methods of regulation is clearly apparent and the need is 
evident if keeping a record of the manufacture and distribution of 
this commodity. 

Concerning the effect of renovated butter upon health, there are 
few recorded dates. Most persons experience more or less nausea 
upon the use of strongly rancid butter, and Arata found that very old 
butter produced vomiting, pain of the bowels and purging. How far 
these ill-effects are reduced by renovation has not been determined 
by exact test. The commonly noted lack of care to prevent the 
contact of the rancid butter used for renovation from filth and exces- 
sive decay, constitutes a fair ground of question as to the wholesome 
nature of the article made therefrom by a purely mechanical method 
of renovation. The temperature at which butter melts is entirely 
too low to secure the sterilization or even the pasteurization of the 
melted fat. 

The sale of decayed or decomposed foods has not been so prominent 
as to call for special notice. Abuses of this kind are often so appar- 
ent as to be self-regulating, as in the case of rotten vegetables, 
tainted meats or “swell-head” canned goods. So far as diseased 
meats are concerned, the services of the veterinarian rather than the 
chemist are required to prevent their reaching the market; the same 
is true of the prevention of the sale of milk from diseased animals. 
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Our various municipal boards of health are doing a useful work in the 
sanitary inspection of the dairy farms from which their respective 
cities derive their milk supply. 

Of the sixth type, the use of artificial colors, acids and flavors to 
conceal the inferiority of low grade jellies consisting in part of the 
fruits whose names they bear, may be mentioned as an example; 
the occasionally observed use of turmeric to impart a yellow color to 
mustard diluted with starch is of the same nature. Coatings and fac- 
ings formerly somewhat used to conceal the inferior nature of tea and 
of raw coffee, are rarely found to-day. 

The deliberate addition of poisons to foods for the purpose of ei- 
hancing their commercial value is, happily, of relatively infrequent 
occurrence. The use of copper salts to preserve the natural green 
tint of peas and gherkins, and of poisonous coal-tar dyes to color a 
great variety of food-stuffs, is probably the most common offense 
of this class. In most cases of this kind, there is rarely a violent 
poisoning; the danger lies chiefly in the cumulative or continuous ef- 
fects of the powerful materials. The convenience of the maker or 
vendor js not a sufficient ground for his use of materials that jeopar- 
dize in any way the health and lives of the public. 

The use of certain powerful antiseptics now widely employed, even 
in staple foods, as preservatives, is an abuse belonging to this type 
of adulteratives. The use in food of any such antiseptic can be con- 
sidered as permissibie only when the article can not be preserved 
for a reasonable length of time by the best modern methods of prepa- 
ration and handling; and should, even in such case, be closely con- 
trolled as to the antiseptic permitted, its quantity and with fair 
warning of its presence to the buyer. 

From the foregoing illustrations, it is evident that many of the 
abuses of the past have been reduced, but that much still remains 
to be dome; indeed, that only unceasing vigilance and increasing 
skill will avail in this combat with the cupidity and cunning of those 
who prey upon their fellows, or are too weak to avoid an evil ex- 
ample in the stress of competition. 

Much too, remains to be done in the painstaking and extensive 
study of the sanitary effects of the numerous chemical substances 
of recent origin that are seeking entrance into our lists of food ma- 
terials. The united skill and experience of the physician, physiolo- 
gist and chemist must be applied to this study and it is much to be 
hoped that existing American experience in this field may, in some 
way, be brought together and that Congress may make adequate 
financial provision for the work of this kind with which it has al- 
ready charged the Secretary of Agriculture. 
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THE POLLUTION OF DOMESTIC WELLS. 


By PROF. C. B. COCHRAN, West Chester, Pa. 


As our country is gradually becoming more thickly settled and the 
sources of pollution ef springs, streams and lakes are constantly in- 
creasing, the problem of obtaining a pure water supply for towns and 
cities is becoming more and more difficult of solution. 

Since the character of the water supply of a city or town is a matter 
of great importance to a large and continually increasing number of 
people, skillful investigation attended with the expenditure of much 
time, labor and money is usually given to a solution of this ques- 
tion. If, in any case, the problem is not satisfactorily solved the 
newspapers or other periodicals are very apt to assume the respon- 
sibility of calling public attention to the impure character of the 
water supply. In this way the inhabitants of a city or large town 
usually acquire some knowledge as regard the quality of the water 
furnished for their daily consumption. 

On the other hand, the subject of the water supply of country 
homes is almost completely ignored by the public press. And, asa 
consequence, the average individual deprived of this common means 
of information forms the very natural conclusion that the water 
from a well or spring located in the country is the very emblem of 
purity and counts himself fortunate in being able to obiain his water 
supply from such a source. 

Why should the water from this country well be impure? It re 
eeives the surface drainage of no village, town or city. No sewers 
er factory wastes or other similar sources of pollution sometimes 
found contaminating public water supplies, can pollute it. Further- 
more, it is a universally admitted truth that water percolating 
through the earth in regions remote from thickly inhabitated areas 
is usually wholesome and palatable. 

While these facts argue strongly in favor of the sanitary condition 
of country wells and springs we have yet to consider the effect of 
such possible sources of pollution as barn-yard, privy vault and house- 
hold wastes. 

‘Assuming that no surface drainage from any of these sources can 
reach the well, we are still in ignorance as to what may take place 
below the surface, The impression that water, no matter how badly 
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polluted, will purify itself by percolating through a few yards of 
earth has led to the commission of many blunders. Entirely 
too much confidence has been placed and is still placed in the power 
of the earth to purify water by filtration. 

In order to illustrate this fact I propose to compare the results of 
analyses of water from polluted wells with those of pure waters 
from the same localities. In order to understand the significance 
of these results it will be necessary first, to explain the meaning of 
the terms used in the report of a chemical analysis of water. 

A chemical analysis of water for sanitary purposes is simply a 
means of obtaining comparative measurements of the amount of filth 
which has been dissolved by the water and the extent of its decom- 
position. 

In the report of a water analysis we usually find figures represent- 
ing the amounts of the following substances expressed either in parts 
per million or in parts per hundred thousand; chlorine, nitrogen as 
nitrites, nitrogen as nitrates, nitrogen as ammonia, organic nitrogen, 
and total solids. Sometimes temporary and permanent hardness, 
oxygen absorbed and other data are also added. 

A bacteriological examination may be made consisting of an 
estimation of the number of bacteria in one c. c. of the water and a 
search for such bacilli as occur in the intestines of man and the lower 
animals (bacillus coli communis or other bacilli of the colon group). 
From the data furnished by such an analysis and an examination 
of the surroundings of the water supply, an intelligent judgment 
can be formed as to the sanitary condition of the water. 

Chlorine usually exists in water combined with sodium in the form 
of common salt. As sewage and the tissues and excreta of man and 
many of the domestic animals are rich in salt, any excess of 
chlorine above the amount found in the purest water of a given lo- 
cality is generally due to contamination with animal matter and its 
presence in excess unless it can be otherwise accounted for is re- 
garded as an indication of pollution of a dangerous character 

Nitrogen is a constituent of many organic compounds especially 
those of animal origin. The figure given under nitrogen by per- 
manganate is regarded as a measure of the amount of decomposing 
organic matter in the sample. 

Nitrates are formed by the decomposition and complete oxidation 
of nitrogenous organic matter. Nitrogen in this condition repre- 
sents the final stage in the putrefaction of animal matter. In the 
final disposition by the processes of nature of organic matter rich in 
nitrogen; nitrites represent an intervening stage between ammonia 
and nitrates. Their presence in water may be due either to the par- 
tial oxidation of organic nitrogen or to the abstraction of oxygen 
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from nitrates by decomposing organic matter. In either case ni- 
trogen as nitrites in water is considered a serious indication by 
sanitary chemists. 

The term total solids refers to the residue left by evaporation of a 
given quantity of water. It includes both mineral and organic mat- 
ter and varies greatly both in character and quantity, even in pure 
waters, depending on the character of the rocks through which it has 
passed. While a general standard of purity is used to some extent 
by chemists, it is generally acknowledged that a local standard 
based upon a knowledge of the composition of many samples of water 
in a given region is more satisfactory. By comparing the results 
of his analysis with the local standard of purity the chemist forms 
an opinion as to the sanitary condition of a given sample of water. 

In the following table is given the results of the analysis of a num- 
ber of samples of water taken from shallow wells, springs and 
streams within a radius of twelve miles of West Chester. From the 
results of these analyses and from the location and surroundings of 
these waters, I believe them to represent a fair standard of purity 
for the region just named: 
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Samples numbered 4 and 12 are exceptionally high in total solids. 
This is due to the fact that these samples were taken from a lime- 
stone region and are consequently hard waters. 

Judging from the results of these analyses I am led to fix the stand- 
ard for this locality as follows: Chlorine 4 or less. Nitrogen as 
nitrites or, nitrogen as nitrates below 4. Nitrogen as N H,, below .08. 
Nitrogen by alkaline permanganate 0.1 or less. Total solids usually 
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below 70 except when the water comes from a limestone region when 
a larger amount will be expected. The above figures are all ex- 
pressed im parts per million. 

An examination of a number of wells and one spring used as the 
water supply for country homes gave results indicated in the follow- 
ing table. The last number in the table shows the character of the 
water in a small stream heavily charged with sewage from the bor- 
ough of West Chester: 
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A comparison of these results with those given in the table repre- 
senting the unmpolluted waters reveals a very decided contrast, and 
shows at a glance the remarkable extent of contamination in the 
water supply of the farm house. Such a high degree of pollution as 
this is not to be found im the water supply of any city or town so far 
as my knowledge goes. It is very fortunate for many of those 
who dwell in the country that the consumption of water containing 
fecal matter or other filth in solution does not always produce fatal 
results or even cause disease. Such waters as those represented in 
the table are, however, a constant menace to health and even to life 
and should unhesitatingly be condemned for household use. Several 
of these analyses were made at the request of physicians who re- 
garded the water supply as the cause of typhoid fever or other in- 
testinal disturbances and in three instances at least deaths resulted. 

In every instance in which I have been able to inspect the premises, 
JT have found no sources of pollution except those for which the in- 
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mates of the house were directly responsible and which might have 
been avoided by the outlay of very little money. 

For the sake of convenience the well is located near the house, 
cftentimes under the same roof. At no great distance is the privy 
rault, or in case the house is supplied with a water closet in doors 
the cesspool may be found within 30 or 40 feet from the well. The 
waste water from the house is either thrown directly upon the ground 
in the neighborhood of the kitchen or at the most carried but a short 
distance away by pipes and then left to find, own channels. 

In case one well is used for both house and barn it is frequently 
located somewhere between the two buildings. If it escapes pollu- 
tion from the sources just mentioned it is in danger of contamination 
from the barnyard. There seems to be an impression more or less 
general that if the privy vault is 30 feet or more from the well there 
is no danger of contaminating the water, particularly if the surface 
of the earth slopes from the well toward the cesspoo!. ‘To illustrate 
the fallacy of such an opinion, I will select two cases from the analy- 
sis given in the table. Sample No. 18 was taken from a well in the 
country. The only apparent source of contamination within a 
quarter of a mile or more was a privy vault between 50 and 60 feet 
from the well. The results of the examination of this sample indi- 
cate an exceedingly toud condition and points directly to contamina- 
tion with matter of animal origin. There is no doubt whatever that 
the privy vault just mentioned was the source from which this water 
received its pollution. 

In this connection, sample No. 15 shows results that are still more 
instructive. The well from which this sample was taken is located 
on a farm property about eight miles from West Chester. The owner 
of this well had at various times dumped a quantity of sulphate of 
zinc in a depression in the earth between one and two hundred feet 
from the well. The water was found to contain 1-10 of one per cent. 
(1,000 parts per million) of zine sulphate, an amount sufficient to 
render the water unfit for domestic use. 

The pollution of the water supply is doubtlessly the most serious 
sanitary evil in connection with country homes and it is an evil 
which has existed throughout all past time. The existence of such 
an evil as this is in some cases probably the result of ignorance, in 
other of indifference or perhaps a combination of both. Often- 
times it is difficult matter to convincé a man that a well that has 
been used by himself during his entire lifetime and perhaps his an- 
cestors before him, is supplying a water unfit for household use. He 
will point to the fact of its long continued use as evidence of whole- 
some character of the water, and as additional evidence that there 
can be no pollution from cesspools or barnyards, he will call attention 
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to the fact that the well stands on higher ground than either. He 
forgets the fact that it is underground not surface drainage that has 
polluted the well. While it is true that the movements of the ground 
water frequently follow more or less closely the course of the surface 
water yet such is by no means always the case. It is entirely unsafe 
to attempt to draw any conclusion with regard to the movements of 
the ground water in a small area by observing the surface drainage. 
Oftentimes the movement of the underground water is in exactly the 
opposite direction from the surface water. Sometimes very good 
evidence can be obtained as to the probable course taken by the sub- 
soil water, from an inspection of the geological formation in the 
neighborhood of the well. Frequently, however, soil and vegetation 
completely conceal al] evidence as to probable course of the under- 
ground water. In some localities where the geological formation 
and the dip of the strata are uniform, an opinion can be formed as to 
the course of the underground water, though nothing can be seen 
of this formation in the immediate vicinity of the well. On the other 
hand, in some localities, as for example in the vicinity of West Ches- 
ter, the structure of the earth is so complex that frequently very 
little information can be gained in regard to the movements of the 
subsoil water by surface inspection. The country about West Ches- 
ter is composed either of igneous rocks or very highly metamorphosed 
sedimentary rocks, without evident stratification and cut in different 
directions by numerous dikes and fissure veins. 

In order to illustrate how a well may be contaminated by a neigh- 
boring source of pollution, let us imagine a cesspool six feet deep 
placed within forty feet of a well, say fifty feet deep. The ground 
slopes from the well toward the privy the difference in elevation 
being possibly five feet or more. 

Under such circumstances as these the bottom of the cesspool will 
be about forty feet above the level of the water in the well and con- 
sequently above permanent ground water. If the subsoil is homo- 
geneous and permeable in character the water from the cesspool will 
drain downward and outward from this point in every direction. 
The earth will gradually become saturated with organic matter and 
polluted water will be carried to the well before it has descended to 
the general level of the ground water. Ifin addition to this the move- 
ment of the ground water is toward the well, still more serious pol- 
lution will result. Should the dip of the rock be toward the well 
or should it be impermeable and filled with fissure veins, the danger 
of pollution is still greater. In many cases where the earth is com- 
posed of compact rock cut by fissure veins or other cracks it is diffi- 
cult to tell where the water of a well or spring may come from. In 
such cases pollution may be carried a long distance. 

At this writing I have in mind a certain farm, the water supplies 
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of which are interesting both from a sanitary and a geological stand- 
point. The distance between the house and barn on this farm is a 
trifle more than 200 feet. There is a well at the house and another in 
the barn. Between the house and the barn is the beginning of a 
little valley. At the head of this valley is the privy vault, and also 
a large pigpen capable of accommodating thirty or forty pigs. Al- 
though this place is located on very high ground, yet at the center of 
this little valley, only a short distance from its head, ground water is 
reached at the depth of three or four feet. As this ground water 
moves down the valley, it gradually comes nearer and nearer to the 
surface which it finally reaches, forming a spring. In spite of the 
fact that the ground water of this little valley carries with it the 
drainage from house, privy vault, pigpen, and barnyard, it has been 
frequently suggested as the source of supply for house and barn, 
and it was with some difficulty that the inmates of the house were 
restrained from so using it. The slight depth at which ground water 
is here reached indicates that the area drained is quite limited and 
that an impervious rock lies near the surface. The water furnished 
by the well at the house is exceedingly hard while that from the 
barn well is soft. These two wells and the spring although located 
within less than 100 yards from one another nevertheless receive 
their water supply from three different sources. In case of the 
spring it seems possible to trace the course of the water from the 
clouds until it issues from the earth, but in case of the wells it is 
difficult to account for the difference in the character of water. 
This pollution of country wells is not only an abomination from an 
aesthetic and sanitary standpoint but it is aiso an extravagant waste 
when viewed from a financial standpoint. The actual money value 
for fertilizing purposes of the barnyard and household wastes should 
serve as a sufficient incentive to abolish all danger of contaminating 
the well water. If a shallow water tight depression were provided 
for barnyard manure and stable runnings, and the dry earth closet 
adopted for household use, the existing sanitary evil would not only 
be abolished but their entire manurial value would be saved. These 
substances together with the wood ashes and the refuse of the 
kitchen should all find their place as plant foods for coming crops. 
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A NECESSITY OF A BETTER PREPARATION 
FOR FARM WORK. 


BY PROF. G. C. WATSON, State College, Pa. 


Since the earliest time of which we have any written history of 
Agriculture, attempts have been made to improve the conditions of 
the husbandman through the improvement of the materials with 
which he has to deal. It is probable that attempts were made to im- 
prove the condition cf the husbandman much earlier than any time of 
which we have record. In the light of modern times these atiempts 
undoubtedly would appear insignificant, but the mere fact that these 
attempts were made at this early date, and that similar attempts 
have been made continually until the present time, should teach us 
that the efforts which we are now putting forth are only a continua- 
tion of the great plan which our ancestors have followed for cen- 
turies of time. We sometimes take much credit to ourselves for the 
progress that we have made and oftentimes overestimate the results 
which we obtain and underestimate the value of the work of others 
who endeavored to make improvements throughout the earlier years 
of agricultural advancement. Pioneer work is hard work and usually 
is without commensurate results. Those who preceded us did much 
to their credit which would have started us far in advance of our 
actual beginning if we could have made the best use of all that had 
been gained. In the past, actual progress has been slow and has been 
marked by series of advances and retrogressions. Great gains have 
been made only to be lost again. The fact that apparently unneces- 
sary losses have occurred and are now occurring, through the lack 
of a better knowledge of the materials with which the agriculturist 
deals presented to the writer the theme for this paper. 

It is probably as true to-day as at any time in the past, that note- 
worthy advances are being made along various lines of agricultural 
work and that the advantages thus gained by the promoters or im- 
provers are being rapidly dissipated by the uninformed who attempt 
to take charge of the improvement but who do not have sufficient 
knowledge to make the best of their opportunities. 

It is recognized that, for generations, the foremost manipulators 
have erected worthy monuments for themselves in the shape of valu- 
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able materials which have been improved in their hands as the result 
of a life’s work of untiring vigilance coupled with the highest art 
known in the field within which they were working. <A few agricul- 
turists have stood prominently above the masses in nearly every gen- 
eration for centuries. Their whole energy seems to have been given 
to make something better. Their life’s work was devoted to the im- 
provement of the material which their fellow men must use and which 
subsequent generations must use and perhaps depend upon for their 
sustenance. 

Improvements have been made along many lines of work, but mark- 
ed improvements have been made by only a small number of persons. 
In the majority of cases the improvements which were obtained at a 
great cost of time, labor, skill and oftentimes at a great sacrifice, have 
not been maintained but have been dissipated within a much shorter 
time than was required to effect the improvement. The history of 
agriculture shows too plainly that the downward road is often the 
swiftest and the most certain. The comparatively few improvers 
who have worked long and hard to achieve something of a per- 
manent value, of necessity have become skilled and expert in their 
chosen lines of work. These men have left the results of their skill 
and lifelong toil in the hands of the unskilled who could not appre- 
ciate the advantages gained, and consequently lost in a short time 
that which had been won by the master minds and which could only 
be won by those of superior intelligence and foresight. 

Farmers are continually endeavoring to secure increased yieids 
through skill in breeding and through various manipulations which 
should not require a proportionate increase in the outlay of labor or 
money. In other words, they are continually striving to secure larger 
returns for the necessary outlay. The grain farmer, the fruit grower, 
and the stock breeder are each trying to increase the value of the 
medium or machine which he is using to convert the crude material 
into an acceptable merchantable article. The farmer who has been 
raising wheat for many years with an average yield of perhaps 
fifteen or eighteen bushels per acre realizes that his profits would 
be increased if the average yield per acre could be increased but a 
few bushels. It is evident that it would be advantageous to secure an 
increased production without increasing materially the cost of pro- 
duction. He therefore tries to secure a variety of grain that will 
bring to him larger returns without increasing in any way his ex- 
pense account. He hears of the greater yields secured by his neigh- 
bors who claim to be cultivating superior varieties. The yields 
which they obtain apparently bear out the assertion that they are 
cultivating improved varieties. 

The farmer decides to give the improved grain a trial and purchases 
a few bushels for seed. He sows the new grain on the best part of 
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his field and prepares the ground unusually well. He is well pleased 
with the yield and becomes enthusiastic over the new variety. The 
next year perhaps the new grain does not have so good treatment and 
consequently does not yield so well. From this time the new variety 
of grain is given the same care and attention that he gave the less im- 
proved varieties which he has raised for many years. When de- 
cidedly unfavorable seasons occur the yield of the new grain falls be- 
low that of the more hardy and less improved varieties. 

This farmer’s standard of culture, fertility, and farm management 
is not as high as that which was required to produce the improved 
variety, consequently retrogression sets in at once. It is not very 
marked the first few years but with each succeeding year it becomes 
more pronounced until the time arrives when it is no better than 
those varieties which he formerly raised, in fact he sometimes actual- 
ly approaches somewhat nearer complete failure than he did when 
cultivating the hardier, less improved varieties. In order that this 
improved variety of grain may thrive under the care and conditions 
which he provides for it, it must be able to withstand unfavorable 
conditions which were not required of it during the years when the 
variety was being improved, consequently hardihood is of consider- 
able importance and it is developed under his somewhat careless 
management at the expense of useful qualities. Hardihood and pro- 
flicacy are not developed to the greatest extent in the same indi- 
vidual at the same time. Whenever one is developed to an unusual 
degree the other is correspondingly sacrificed. If the improved 
variety of grain must be made to withstand severe conditions it can- 
not maintain the highest standard of other useful qualities. In 
other words, the improvement is in part lost through the unfavorable 
conditions to which the variety in question is subjected. This simple 
description of a common-place affair may be taken as an illustration 
of the loss of many improvements which have been gained at the ex- 
pense of life-long efforts of the foremost agriculturists. The im- 
proved varieties are undoubtedly able to withstand unfavorable con- 
ditions for a time, but if the conditions are more unfavorable than 
those through which the variety passed in being improved, the im- 
provement will not be maintained, particularly when the variety falls 
into the hands of unskilled persons. Improved varieties are not so 
hardy as the less improved ones. 

Man has endeavored, and has succeeded to a remarkable degree, 
in relieving both plants and animals of the struggle for existence in 
order that they might devote their energies toward producing de- 
sirable staples of food or commerce. Both animals and plants in 
the state of nature find the struggle for existence so great that hardi- 
hood is one of the chief features in perpetuating the species, As 
long as the energies of the organization are required to withstand 
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severe hardships through which the individuals must pass, the de- 
velopment of the qualities which would be most useful to man is 
quite out of the question. It is only when man by his skill and fore- 
sight is enabled to relieve the struggle for existence, that improve- 
ment takes place. As the plant or animal finds congenial surround- 
ings as to food, climate, moisture, etc., it is able to develop, in the 
hands of the skilled breeders, characteristics which do not affect the 
vigor of the individual, and which may be turned by man to his own 
advantage. 

The farmer who devotes considerable of his time to raising stock, 
like the grain farmer, endeavors to improve the quantity and quality 
of the stock which he is striving to produce at the least expense. He 
hears, that for certain purposes, improved breeds are superior to the 
common stock which has been kept for a long time in his neighbor- 
hood. He not only hears of these improved breeds and of their 
wonderful production, but he sees for himself individuals that are far 
superior to the best of those which he has been able to produce. He 
finally resolves to invest in pure bred stock with a hope that he may 
be able to produce more, and of a better quality, without increasing 
materially the cost of production. He invests in pure bred stock, 
takes the stock to his farm, and gives the so called “registered stock” 
the same care and treatment that the common stock of the country 
has received on his farm for generations. The improved stock does 
better for a few years. The individuals of the next generation, how- 
ever, resemble their parents very much as to color and general ap- 
pearance, although they are not quite so good. Each subsequent gen- 
eration, while still bearing the color markings and many of the char- 
acteristics of the parents, proves to be less desirable than the genera- 
tion that preceded it. Eventually the pure bred stock comes to the 
same level, as to production, as the stock which the farmer had main- 
tained for years before. The farmer finally becomes convinced that 
the so called “registered stock” is no better than that which he 
formerly kept. Although it is descended, without a mixture of 
foreign blood, from improved parents, may be registered and is 
known as pure bred stock. Through the lack of sufficient knowledge 
the farmer has failed to maintain the improvement and to make the 
best use of his opportunities. If the improved breeds are really 
better than those that are unimproved they are better for practical 
purposes and will bring the largest returns when maintained under 
favorable conditions. Improved animals, like improved plants, can- 
not maintain their improved characteristics and be required to endure 
severe struggles for existence. Improved animals when properly 
cared for are able to turn to good account a larger amount of food, 
above that which is required for maintenance, than are those whose 
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energies are required to carry them through the many adverse con- 
ditions, some of which may occur at critical periods of life. 

A farmer who has maintained a flock of fowls for years under very 
ordinary conditions may desire to secure a greater number of eggs 
than his fowls produce. He feels that he is not securing so large 
returns as are some of his acquaintenances who perhaps are taking 
better care of their stock and consequently maintain a higher stand- 
ard. It is but natural that this farmer should try to imitate those 
who are doing better than himself. He perhaps recognizes that they 
have better machines to work with and are therefore able to produce 
more economically. He decides to obtaim a better breed or variety 
of fowls than those which he has maintained for so long, and perhaps 
purchases from a skillful breeder some fowls of a breed or variety 
that is noted as being among the foremost of egg producers. The 
fowls which he cbtains are used as foundation stock for his future 
flocks. They are more economical egg producing machines when 
properly maintaimed than were those which he maimtained for years 
under somewhat adverse conditions. These new fowls bring an in- 
creased egg production for a time, even under the conditions to which 
he subjects them, consequently he is pleased with them and thinks 
that a marked improvement has been made by the change. The fowls 
of the next generation have most of the characteristics of their 
parents; they are perhaps a little smaller and do not lay so many 
eges, particularly during the winter months. Each succeeding year 
finds him with a flock that is less satisfactory than the one of the pre- 
vious year, until a flock is secured that is no better than the fowls 
which he kept before the improved breed was tried. In other words 
the change brought him improvement for a time but the improved 
stock deteriorated to the level of the unimproved which was as high 
a grade as the conditions which he provided would maintain. Those 
who do not provide improved food and care for the improved varieties 
of domestic animals cannot maintain the improvement which has 
been secured by skillful men at the expense of years of painstaking 
labor. Improvement in the so called useful qualities cannot take 
place to any great extent without corresponding improvement in food, 
care, and environment. Without exception all those who have be- 
come noted as improvers of plants or avimals have maintained them 
under the most congenial conditions. All noted improvers of do- 
mestic animals have been skillful feeders. Careless and indifferent 
feeders have not improved a breed or variety. 

The breeders and promoters of the so-called improved breeds and 
varieties of animals and plants have sought to impress upon their 
patrons the superiority and advantages of the improved qualities and 
have largely failed to impress upon the purchasers, both actual and 
prospective, the necessity of maintaining as favorable conditions 
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as were found necessary in effecting the improvement. As a conse- 
quence of the lack of this information a large proportion of the in- 
vestors have become dissatisfied and convinced that the so-called im. 
proved breeds and registered stock are but little better, if any, than 
much of the more common stock of the country. As a burned child 
has learned to avoid the fire, so those who have tried and failed have 
lost confidence in the better things that are available if they but 
knew how to make the most of the advantages before them. One of 
the great hindrances in the advancement of agriculture is the lack of 
knowledge on the part of the practical men to make good use of the 
material at their command. 

Those who try new methods and fail are oftentimes sufficiently dis: 
couraged to prevent them from departing from the practices which 
have come down to them unchanged through many generations. 
Instead of permitting improvements to be lost the practical agri- 
culturist should be able to still further improve for the particular 
purposes for which they are maintaining plants or animals as the 
case may be. Nearly every breed and variety is susceptible of 
further improvement even under the conditions under which the im. 
provement was effected. Much more readily may they be improved 
for the use of the individual who finds it necessary to maintain them 
under quite new and changed conditions. 

Stock owners do not always realize that the improved breeds may 
be further improved for their use. As most of the improvements 
have been made under somewhat unusual conditions it becomes nec- 
essary for each breeder to still further change and adopt the breed 
in question to the best condition of life that he is able to provide. 

Whenever the stock breeders, the fruit growers, and grain farmers 
realize that improvement cannot be maintained under ordinary con- 
ditions a united effert will undoubtedly follow which will give to 
agricultural advancement a greater impulse that has ever been re- 
corded in the past. When we are able to look honestly at the ques- 
tions which confront us and see the difficulties and obstacles as 
they really exist, then, and only then, will the fundamentals be under- 
stood sufficiently well to enable the highest possibilities to be realiz- 
ed. Let us make the mistakes and retrogressions of the past step- 
ping stones to more certain and continual advancement of the agri- 
cultural interests which lie at the foundation of the future prosperity 
of this great country. 
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REPORTS OF SPECIAL EXAMINATIONS AND 
INVESTIGATIONS. 


METHODS OF STEER-FEEDING. 


CO-OPERATIVE EXPERIMENT BY THE PENNSYLVANIA DEPARTMENT 
OF AGRICULTURE AND THE PENNSYLVANIA AGRICULTURAL EX- 
PERIMENT STATION. 


UNDER THE IMMEDIATE SUPERVISION OF G. C. WATSON AND A. K. RISSER. 


An article published in the Annual Report of 1901, page 495 (Bul- 
letin No. 67), gives an acount of an experiment which was designed 
to test various methods of feeding steers. This experiment has been 
repeated in all essentials and the results described in the following 
pages. It is recognized that one trial, with a comparatively small 
number of animals, is not sufficient to determine the many questions 
involved in such a test. Therefore, the experiment herein described 
was designed to be largely a repetition of the one made the year 
previous, in order that the results of the two may be compared and 
that somewhat more reliable data may be secured for the information 
of those who are particularly interested in converting the roughage of 
the farm and commercial stock foods into the more valuable product 
of prime beef. The narrow margin of profit in feeding steers, which 
have been reared in other localities, compels the feeders to study 
closely the strictest economy as to the outlay of labor and money, 
and to note tendencies even before resu!ts are obtained. One ob- 
ject of the trial was to determine as far as possible the comparative 
cost as well as the efficiency of various methods of feeding. 


Plan of the Experiment. 


The experiment was devised to test certain practical methods of 
confining fattening steers as well as to test the usefulness of auto- 
Matic watering devices for fattening animals as steers are usually 
confined throughout Pennsylvania. The experiment was designed 
to determine, if possible: 

(1) The effect of different methods of supplying drinking water; 

(2) The effect of different methods of confining fattening animals; 
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(3) The amount of labor required to care for animals under these 
various conditions. 


Experiment No. 2. (Dec. 5, 1900, March 19, 1901.) 


In order to make this test as satisfactory as possible under practi- 
cal conditions, space was set aside in the basement of the college 
barn in a similar manner to that described in the report of 1901 (Bul- 
letin No. 67). Three lots of steers were used in this experiment. One 
lot, Lot No. 1, consisting of ten animals, was placed in a large box 
stall 20x213 feet in area, which is exactly the same space that the ten 
steers would have occupied had they been placed in stalls; that is, the 
stalls were removed and the space occupied by the stalls enclosed 
by high board partitions, which made, to all intents and purposes, 
a large box stall. On account of the lack of space, Lots Nos. 2 and 
3 consisted of but six steers each. These were kept in stalls ad- 
joining the box stall. Lot No. 1 (in the box stall) was supplied 
with water furnished by means of automatic watering basis, in 
which water was kept before the animals all of the time except 
when the water was withheld for a short time previous to the 
weighing periods. Lot No. 2, which consisted of six animals, was 
supplied with water by means of automatic watering basins similar 
to Lot No. 1. Lot No. 3 consisted of six animals, and was placed 
in stalls in a similar manner to Lot No. 2, with the exception that 
the steers were turned out once each day for an hour or two in a 
large yard adjoining the basement, where they were permitted to 
drink in common from a large watering trough. The animals of 
Lots Nos. 1 and 2 were not removed from the pen and stalls except 
as it was desired to weigh them on alternate weeks. 


The Animals. 


The steers used in this experiment were purchased at the stock 
yards in Pittsburg, November 21, 1900, by Mr. William C. Patter- 
son, the Farm Superintendent, and the writer. In this connection, it 
should be stated that Mr. Patterson has successfully fattened one or 
more carloads of steers on the college farm each year for many 
years, and is recognized as an expert buyer. The steers selected 
were dehorned grade Shorthorn steers raised in eastern Ohio, and 
were carefully selected as to size, age and quality, so far as outward 
appearance would indicate. The steers were sorted into lots soon 
after they were purchased and were confined in the pens and stalls 
until the experiment was begun. The steers were sorted with great 
care in order that the lots might be as uniform as possible and at the 
same time have nearly the same average weight. These steers were 
tame and considerably above the average as to quality and general 
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appearance. They had been given considerable grain and were “well 
started.” In fact, some butchers would have selected a few for 
slaughter. In the following table is given the weights of each steer 
at the beginning and close of the experiment, as well as at each weigh- 
ing period on alternate weeks during the period of feeding. 


Rations Fed. 


Each lot was fed a grain ration consisting of nine parts of corn 
meal and one part of wheat bran by weight, in such quantities as 
would be readily consumed. The judgment of an experienced feeder 
was relied upon to determine the amount that should be given from 
day to day. ‘An accurate account was kept of the total amount of 
grain consumed by each lot, but no effort was made to determine 
the amount of food consumed each day. The grain for each lot was 
weighed out weekly and placed ina bin. The feeder having access to 
this bin fed each lot the necessary amount. At the end of the week, 
that remaining in the bin was weighed and deducted from the amount 
previously weighed out. In a similar manner an account was kept 
of the hay and corn stover consumed by each lot of steers. The hay 
consumed by the three lots was of good and uniform quality, largely 
timothy with a little clover. The corn stover was well cured and 
shredded. The hay and corn stover were placed in large sacks and 
weighed and taken from the sacks and placed in the mangers as re- 
quired. The unconsumed portions were weighed back and deducted 
from the total amount offered them, the difference giving the amount 
consumed. As the refuse was frequently small, it was not weighed 
back until a considerable amount had accumulated; that is, the un- 
consumed hay and stover were removed each day and kept until a 
considerable amount had accumulated, when the whole was weighed 
and sampled. The following table gives the amount of food con- 
sumed weekly by each lot: 
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It was observed early in the experiment that Lot No. 3 was not 
consuming so much corn stover per thousand pounds of live weight 
of animal as either of the other two lots, yet it did not seem ad- 
visable at that time to change the amount given them. Thus it 
was noticed that the steers that were turned out to water once a 
day corresponded quite closely in the consumption of corn stover 
to a similar lot of thr previous experiment. The amount of hay 
and stover offered each lot and the amount refused are shown below, 
as well as a similar statement of the previous experiment. 


Amounts of Hay and Stover Consumed by Each Animal of each Lot. 
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The animals that were turned out in the year to water each day 
did not consume roughage as readily as those that were supplied 
with water from automatic watering basins. 

It will be noticed that Lots Nos. 1 and 2 refused less hay and 
stover than Lot No. 3; also, that in both experiments Lot No. 1 
refused the least hay and stover, that Lot No. 2 refused more and 
Lot No. 3 refused the most in both instances. In all cases the hay 
and stover that were not consumed were removed from the mangers 
and weighed. Practically none was thrown from the mangers and 
wasted by the steers. It is true that in 1899 and 1900, the three 
lots were not given quite the same amounts of hay and stover, 
although the difference in the amounts given was not great, and 
it should be noticed that the iots that consumed the least were given 
the least. 


Weights and Gains. 


In the case of nearly every animal, the increase in weight through. 
out the experiment showed considerable variation, as seen in the 
table of weights. This is no doubt due chiefly to the amount of 
water retained in the system at the time of weighing. In each case, 
the weight was taken at nine o’clock A. M., and after the water had 
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Weight of the Steers at Each Weighing. 
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been withheld for about sixteen hours. The weights at the begin- 
ning and end of the experiment were obtained by weighing each in- 
dividual animal on three consecutive days and taking the average 
of these weights. It is well known that a single weight may be quite 
misleading as regards the true weight of the animal. As shown in 
the table of weights, some individuals at some weighings apparently 
lost weight. This is undoubtedly due 10 the variation of the water in 
the system of the animal at the time of weighing and not to any un- 
thrifty condition at that time, as some of these animals have made 
most excellent gains throughout the whole period of feeding, which 
would not have been expected had they actually lost in weight dur- 
ing two or four weeks of the feeding, as indicated by the table of 
weights. Animal No. 68 of Lot No. 1, at the third and fourth weigh- 
ing, indicated a loss of 77 pounds for four weeks, while this animal 
gained throughout the whole period an average of 2.13 pounds per 
day. Without doubt, the weights were misleading and the animal 
did not show an unprofitable feeding condition. The following table 
gives the gain of each individual of each lot: 
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From the above table it will readily be seen that Lot No. 2 made 
the greatest average gain per day; also, that Lot No. 1 occupies 
a medium position between Lots Nos. 2 and 3. There is not differ- 
ence enough in the gains of the three lots to warrant the claim of 
marked superiority of one method over another, as the three lots 
gave about as uniform results as would be expected from three 
lots kept under uniform conditions. The objection to feeding a 
number of steers in a yard or pen has been raised, that there is 
likely to be both underlings and those that make unusually good 
gains. It is true that steer No. 67, of Lot No. 1, made considerably 
greater gain than any in Lots Nos. 2 or 8, and also that one steer, 
No. 69, made the least gain of any of the three lots, although No. 62, 
of Lot No. 8, which was confined in a stall, did not greatly exceed 
the small gain of steer No. 69. While the gains of the steers of Lot 
No. 1 occupy both extremes, yet they are sufficiently pronounced to 
warrant any definite conclusions being drawn from these results. 
The following table gives the amount of food consumed by each 
lot per pound of gain of live weight: 


Food Consumed per Pound of Gain in Live Weight. 
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From the above it is seen that Lot No. 2 made a pound of gain 
in live weight with the least amount of food. This lot also made 
the greatest gaim per day throughout the whole time of feeding. 
While Lot No. 1 made a somewhat greater gain than Lot No. 8, it 
evidently was at a somewhat greater expense of food, as Lot No. 
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3 required a trifle less food to produce a pound of gain than Lot 
No. 1. It is also shown that Lot No. 3 consumed less food per 
thousand pounds of live weight than either of the other two lots. 

The differences in the results of these two methods of feeding, as 
shown by these trials, are not sufficient to warrant definite conc'u- 
sions. 


Experiment No. 3. 


On April 1, 1901, six steers were placed on experiment similar to 
the one previously described. The main object of this experiment, 
however, was to determine whether there was a great difference 
in the retention and preservation of the manure made from the 
three lots. The steers were weighed at the beginning and end of 
the experiment, as described in experiment No. 1, and the food 
was weighed and fed as described in that experiment. Each lot 
consisted of two steers. The steers of Lot No. 1 were loose in 
a box stall and supplied with water by means of an automatic 
watering basin. The steers of Lot No. 2 were confined in stalls, 
but supplied with water by automatic watering basins, and Lot No. 
3 was watered as were the animals of Lot No. 3 of experiment No. 2. 
The following table gives the weights of the steers at the beginning 
and end of the experiment, gain per cent. and gain per day in pounds: 
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either of the other lots. Lots Nos. 1 and 5 were practically the 
same. The following table gives the food consumed for each lot. It 
should be noted that the coarse fodder fed these three lots consisted 
entirely of hay. While the gain of these steers in live weight cor- 
responds quite closely to that of experiment No. 1, yet it is shown 
below that Lot No. 3 consumed considerably less food per pound of 
gain of live weight than either of the other two lots: 
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Labor Required. 


The labor of attendance is often a deciding factor in the selection 
of stock for fattening, and it also determines the manner in which the 
stock should be fed. The cost of the manual labor required to take 
proper care of the stock in question sometimes determines the profit. 
Systems of feeding that require the least labor are to be preferred, 
provided, they are equal as to the amount of food required and the 
gain secured. The following table shows the amount of labor re- 
quired for attendance for each lot during the entire feeding experi- 


ment of 104 days: 


Time of One Man Required for Attendance. 
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As shown above, it required 79.6 hours of actual labor of one man 
to attend to ten animals of Lot No. 1, and 93.3 hours of labor to care 
for six animals of Lot No. 3 that were kept in stalls and turned out 
to water once each day. If this proportion is used to determine 
the amount of labor required to care for ten animals in stalls, it will 
be seen, as shown in the above table, that steers in pens furnished 
with automatic watering basins required about one-half as much 
time of the attendant to properly care for them as was required to 
attend to the same number of animals kept in stalls and turned out 
in a yard to water. The stalls were cleaned out each day and the 
box stall was cleaned out twice during the experiment. The follow- 
ing table is taken from Bulletin No. 67, which gives the difference in 
time required to care for the three lots of animals which were 
kept under similar conditions as those described in the preceding 
pages: 


Time of One Man Required for Attendance. 
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In this experiment each lot consisted of five animals, which un- 
doubtedly made the lots too small to note the greatest difference 
in the time of attendance. 


Bedding Required. 


It has been maintained that there is a saving in bedding when 
the animals are kept in large pens or yards. The question of 
Saving bedding is oftentimes of considerable importance. In some 
localities, where large quantities of straw are available, it is de- 
sired to make use of the largest amount that can be used profit- 
ably. On the other hand, where there is a scarcity of bedding 
material, it is oftentimes desirable to care for the animals in such 
a manner that the least amount of bedding will be required. 
Throughout this feeding experiment a strict account was kept of the 
weight of the bedding material. Straw was used exclusively. This 
was weighed out in large sacks and a record kept of the number of 
sacks used for each pen. At the close of the experiment, it was 
found that the same number of pounds was used per animal in each 
lot. The use of straw was left to the judgment of the feeder. He 
determined how much was necessary to keep the animal clean and 
comfortable. 
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From the foregoing pages it will readily be seen that the differ- 
ences in the results of the three methods of confining fattening steers, 
do not show that one method is markedly superior to another, so far 
as gain in live weight from the food consumed is concerned. The 
results of the three methods, as shown by each experiment, are about 
as uniform as would be expected had the three lots of them been 
kept under practically uniform conditions. The slight differences 
in gain are not sufficient to recommend one method over another. 
While the steers were selected with great care, yet the differences 
in the individuals of the three lots may account for the slight differ- 
ence in gain. The fact that a different lot in each experiment made 
the greatest gain from a given amount of food, tends to show that 
the variation of the lots is probably due to the individuality of the 
animals rather than to the difference in the methods of confining and 
feeding. 

It was observed in each experiment that those animals which had 
a supply of water before them all the time had a somewhat better 
appetite and consumed their food with greater relish than did those 
that were turned into the yard to water once each day. Any advant- 
age that one method may show over another is chiefly due to the dif- 
ference in the amount of labor of attendance. 
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TREATMENT FOR SAN JOSE SCALE IN OR- 
CHARD AND NURSERY. 


BY JOHN B. SMITH. Sc. D.. Entomologist of the New Jersey Experiment Station. 


The San José or Pernicious Scale seems, from present evidences, 
to be a native of Asia, occurring in Japan and China under such cir- 
cumstances as to make it improbable that it could have been intro- 
duced from any other country. It is only within the last year that 
the matter has been fairly settled by the researches of Mr. C. L. Mar- 
latt of the U. S. Department of Agriculture, and not the least im- 
poitant cf his observations is that, where the insect occurs naturally, 
it is not injurious; that is, the insect and its host plants are so bal- 
anced that both exist without inconveniencing each other. 

Mr. Marlatt’s studies point to a species of lady-bird, closely allied 
to our own twice-stabbed species, as the check that prevents un- 
due increase, and the natural suggestion is, that this predatory 
species be introduced into the United States to do for us what it does 
in Asia—i. e., control the pernicious scale. Attempts in that direc- 
tion are under way and will be again referred to. 

Just when the insect was introduced into the United States, no one 
knows definitely. It is probable that it was in 1870 or before. It is 
certain that in 1873 it was fully established in the Santa Clara valley, 
ip the vicinity of San José from which the insect derives its common 
name. 


HISTORY IN CALIFORNIA. 


Not until 1880 did the insect come before the Entomologist for 
study. In that year Prof. J. H. Comstock, then Entomologist to the 
U.S. Department of Agriculture, determined that it was undescribed 
and called it perniciosus,; basing his name upon the destruction which 
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it at that time caused in California orchards. He considered it the 
most pernicious scale known to him and found it on all deciduous 
fruits except black Tartarian cherry. 

It spread rapidly throughout the fruit regions of the Pacific coast 
and caused serious injury on every hand. It was fought with all 
the usual insecticides with more or less success and, in the experi- 
ments made, the lime, salt and sulphur wash was developed. This 
proved peculiarly adapted to California conditions, and turned out 
uniformly satisfactory results when the proper methods of prepara- 
tion and application were fully understood. 

Meanwhile the citrus orchards became infested by another scale 
insect, introduced from Australia or some one of the neighboring 
cecuntries, and this proved so much more destructive that, for a time, 
the pernicious scale was deemed scarcely worthy of consideration. 
The new scale was much larger, with a prominent white egg case in 
the female, and was called the Cottony Cushion Scale. Though at 
first attacking citrus trees, it soon invaded deciduous orchards as 
well, and, resisting all the known insecticides, brought the fruit 
growers face to face with failure. 

Relief came with the discovery of the natural check to this 
insect and its introduction into California. In a marvelously short 
time the Cottony Cushion Scale was under control, and then it was 
realized that in many sections of South California the San José Scale 
was no longer a destructive pest. It was practically kept in check 
by natural enemies, and these were said to be certain species of 
Australian lady-birds belonging to the genus, RAczobius, which had 
been introduced with Vedalia, to fight the Cottony Cushion Seale. 
This was the condition of affairs when, in 1896, I visited the Pacific 
coast to secure, if possible, such information as might guide the New 
Jersey horticulturists in their fight against the pernicious scale in 
that State. 


TREATMENT AND NATURAL CHECKS IN CALIFORNIA. 


In Southern California the insect is really under control, and the 
effective. agents are, first, the twice-stabbed lady-bird, Ch7locorus 
bivulnerus; second, a minute parasitic wasp, Aphelinus fuscipennis. 
There were some other species found feeding on the scales, but they 
were of no great importance in comparison with those already men- 
tioned. 
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The interesting point is, that the twice-stabbed lady-bird is a close 
ally of the species that is doing such good work in Asia. So similar 
are the species, indeed, that to the untrained eye they would readily 
pass as the same. This twice-stabbed lady-bird occurs not uncom- 
monly in the Eastern United States, and I have bred in New Jer- 
sey from the pernicious scales, the same little Aphelinus which is 
found in California. Practically then, we have in the East all the 
species that control this scale in Southern California. But as one 

ravels North, it is found that the natural enemies are less effective, 
and tbe fight against the insect is still in progress. Resin washes 
and lime, salt and sulphur were everywhere in evidence; but, prac- 
tically, the growers are all coming to accept the latter of these mix- 
tures as the most satisfactory. 

After twenty-five years, California has solved the San José Scale 
problem and, greatly assisted by nature, has the insect fully under 
control, The matter of the lime, salt and sulphur wash will be again 
referred to. The important fact to be recognized here is, that it was 
not until after a long, hard fight—after thousands of trees had been 
killed and after years of experimenting—that the insect was finally 
controlled. We will attain the same result in the East; but it may 
have to be done in a somewhat different manner. 


ITS INTRODUCTION AND SPREAD IN THE EASTERN UNITED 
STATES. 


In either 1886 or 1887, two New Jersey nurseries secured plum 
and pear trees from the Pacific Coast from which they propagated, 
by ordinary nursery methods. It was not known that these trees were 
infested by any unusual scale, and buds and cuttings were freely used 
in the nursery blocks. Both nurseries grew more or less fruit com- 
mercially, and the bearing trees soon became infested. From these, 
other nursery blocks were annually supplied and, in 1890 and there- 
after, scaly trees were sent out in all directions. The two nurseries 
affected were the most extensive in New Jersey, and had a trade 


236 ANNUAL REPORT OF THE Off. Doc. 


throughout the Eastern and Central United States; therefore, a con- 
siderable section of the East was covered before the existence of the 
insect there was even suspected. 

The first case was found in Virginia, in 1893, and in 1894 the facts 
concerning the distribution of the pest were ascertained and pub- 
lished. 


Ha b 


Fig. 1.—San José Scale; a, on twig, natural size; b, bark of 
same much enlarged, showing scales of different ages and also 
the crawling young. (From Howard and Marlatt, Bull, 3, N.S., 
Div. Ent. U. 8S. Dept. Agr.) 

It is probable that one if not two nurseries in another State as- 
sisted in spreading the scale through other California stock, and 
it is certain that some scaly trees were received directly from Japan. 
But nurseries are chiefly responsible for spreading the insect over 
an area that natural methods of spread could not have covered in a 
dozen years. Even now, with all our guards and nursery cont1ol, 
this distribution continues to some extent. 
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LIFE HISTORY OF THE INSECT. 


Before one can deal intelligently with any insect, it is necessary to 
know its life history and habits, that our efforts may be intelligently 
directed; therefore a brief description is here given. 

The full grown scale, when by itself on a twig, is almost circular in 
shape and about one-sixteenth of an inch in diameter. It is black- 
ish gray, the centre a little raised and dull yellow in color. It is not 
at all conspicuous, especially on gray bark, and is very easily over- 
looked. When grouped in large numbers the individual scales vary 
a little in shape; but are always small, round, dark gray discs with a 
yellow center. If, with the point of a knife we carefully lift one of 
these scales we find lying free, underneath it, a much smaller, flat- 
tened, bright yellow, soft bodied creature—the scale-insect itself. 
This has neither legs, wings or other organs of locomotion and, in 
fact, no appendages except three fine bristles which form the mouth. 
These bristles are inserted into the plant tissue and by this means 
the insect holds its place. In other words, there is a very small, 
bright yellow, grub-like creature, covered by a scale of its own manu- 
facture. 

A seale insect, such as described, is a female and, when mature, it 
gives birth to living young. The period of reproduction extends 
throughout a month or six weeks, and in that time an individual may 
give birth to about 500 young. These young, or larvae, are minute 
yellow atoms with short legs and feelers and are capable of motion. 
On a badly infested tree, when the insects are breeding, the surface 
will appear covered with moving pollen grains, so small are they. 
Their bright color makes them conspicuous, and with a little practice 
one may see them readily with the unaided eye. They move about 
quite actively for such small creatures and usually tend outwardly, 
te the smaller branches, fruit spurs, leaves, or to the fruit itself; in 
fact, except on peach, the fruit is a favorite place. After about 
twenty-four hours of this active life the larva finds a suitable place, 
inserts the microscopic mouth bristles into the plant tissue, begins 
to feed and is then a fixture. In a few hours it begins to contract 
and becomes circular in outline, like a minute, yellow lentil. Then 
little, white, cottony filaments come from specialized pores all over 
the surface until the creature looks like a tiny lump of cotton. These 
filaments or threads run together and form the first covering to the 
fixed larva. In this stage the white color makes them easy to see; 
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but they remain so for a few days only. Additional waxy material 
is added at the edges, the scale enlarges, becomes darker in color, 
more flattened, and reaches the gray stage. From this the color 
changes to black and later, as it becomes mature, it again lightens 
and the yellow centre becomes obvious. In about four weeks full 
growth is attained and the female is sexually mature. If we follow 
the insect beneath the scale, we find that as the covering increases, 
the antennae and legs disappear and, when the first larval skin is 
cast, no appendages remain. ‘The cast skin is made to form part of 
the centre or nipple of the scale, and in the female, a second cast is 
added before the insect is sexually mature. The male at its next 
change differs totally from the female and forms a true pupa, from 
which we get in a few days, a very minute, frail, two-winged fly with 
long stout feelers, long legs and a long anal style or process. This 
male is so small and inconspicuous that it is almost impossible to 
see it without a magnifying glass, and so frail that the least puff of 
wind carries it off; nevertheless, it succeeds in impregnating the fe- 
male and then dies. 


Fig. 2.—Adult male, Weawinen perniciosus: greatly enlarged. 
(From Howard, Cire. 3, 2d ser., Div. Ent., U. S. Dept. Agr.) 

Breeding begins in the latitude of Philadelphia about June 10, 
and continues throughout November in ordinary seasons. During 
that time a single pair may, if absolutely unchecked, produce a 
progeny of over one thousand million (1,000,000,000)! This number 
is so enormous as to be almost incredible; but from the facts given 
it may be easily figured out by any one with a mathematical turn of 
mind. 

It has been stated that breeding continues until very late in the 
fall, but those insects that start late never live over until the fol- 
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lowing spring. And so the young that are born after frosty days 
and nights are fairly established, die before they reach a stage that 
enables them to live through the winter. A badly infested tree ex- 
amined in mid-winter will show many white and gray scales—all 
dead; and plenty of fully developed females, some with young be- 
neath their scales—also dead. The living individuals are those 
under the black scales, that may be considered half grown. These 
become completely dormant and do not resume growth until the fol- 
lowing May. The males appear about the middle of that month, ful- 
ly three weeks before the females begin to reproduce; but after re- 
production once begins there is little cessation until the end of the 
season. 

The important points in this history are, that the insect passes the 
winter well protected by a dense waxy scale, impenetrable to or- 
dinary insecticides; that the newly born larvae are naked and un- 
protected, readily reached by any contact poison; and that after mid- 
summer, reproduction is practically continuous. 


PLANTS SUBJECT TO INFESTATION. 


In a general way all the ordinary orchard trees in the Eastern 
United States are subject to infestation; but cherry suffers least— 
some varieties being totally exempt. Quince suffers little and has 
not been seriously damaged in any case that has come under my 
notice. Peach suffers most and there seem to be no exempt varieties. 
On peach the scale will ordinarily, if unchecked, kill trees the third 
year from the date of infestation. Plums are almost as susceptible, 
but individual varieties or even individual trees resist strongly, and 
may live for several years, completely incrusted by the insect. 
Apples are all good subjects, but the Ben Davis seems to be most sus- 
ceptible and most difficult to clean. Pears differ widely and, where 
mixed with other trees, Keiffers are almost exempt. Most of the 
Asiatic varieties suffer little, and individual trees may be entirely 
exempt. Almost all the shrubby small fruits are subject to infesta- 
tion; of these the currant is most injured, gooseberry the least. 
Blackberry and raspberry are somewhat infested, but not ordinarily 
much hurt. 

Grapes are quite generally infested, but are not harmed. The 
slivery character of the bark on the old stock discourages setting by 
the larva and the new growth is almost always cut off nearly to the 
base; therefore the insects get little real opportunity. 
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Hedge plants are often badly infested. Japanese quince is one of 
the worst, and Osage orange comes very closely after. 

In fact it may be said that there is scarcely a deciduous shrub or 
tree on which the insect may not maintain itself, though it may not 
cause actual injury. On shade and forest trees, it does not seem to 
cause much trouble. I have seen it abundantly on small European 
elms. and, to a lesser extent, on the American varieties; but never on 
older trees to a troublesome extent. So I have found it rarely on 
maple and poplar and very abundantly on willow. The latter is 
sometimes injured and I have seen the Kilmarnock variety killed by 
the scale. 

Of the nut trees, hickory and walnut may be infested and the lat- 
ter may be injured. Chestnut may become infested, but the insect 
does not thrive on it and the trees do not suffer. 

Conifers are entirely exempt from attack so far as I have observed, 
and privet is practically so; hence we are not left entirely without 
hedge or ornamental plants. 

Herbaceous plants, or such as kill down to the root during the 
winter, do not serve as host plants for the pernicious scales, because 
they cannot hibernate on it. 

The insect is absolutely dependent upon the tissue upon which it 
is fixed, and if the latter dies, the insect dies also. If a scaly leaf 
drops to the ground, every scale dies as soon as the leaf is dry. The 
same is true of a twig or branch when cut from the tree; hence, if 
trimming is done during the winter in a scaly orchard, the cut wood 
may be safely left on the ground. The insects canot leave it, and 
long before the commencement of the breeding season all sap will be 
out; so, the insects having had nothing to feed upon, will be dead. 


THE INJURY AND HOW IT IS CAUSED. 


When a scale-insect first fixes itself upon a succulent twig or 
fruit and begins to pump out the plant juices, no immediate change 
is observable. But after a week or two a faint reddish tinge becomes 
evident around the scale and in the bast from which it feeds. As the 
insect grows, a depression is apt to be found on the bark where it is 
lodged and the red tint becomes more obvious. On the fruit it is 
often so marked, that an infested tree in bearing, is most readily de- 
tected by the prominent spots on the fruit. The discoloration is 
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supposed to be caused by the action of a saliva introduced into the 
plant tissue, and it undoubtedly causes something like a true poison- 
ing. The injury caused by a single insect is as nothing to a tree; 
but when this is multiplied by many thousand it becomes a serious 
matter. The surface of the twigs becomes irregular and pitted; the 
bark dies, cracks and the upper layers become lifeless. The purp- 
lish red stain in the bast extends and gets even into the sap-wood. 
The tree loses vigor and in late summer some twigs may die at the 
tip. During the winter an entire branch may die. <A start is usually 


Fig. 83—Section of apple, natural size, 
closely set with scales; a bit of scaly 
bark enlarged, at left, above. (From How- 
ard, Cire. 3, 2d ser., Div. Ent., U. S. Dept. 
Agr.) 


made in the spring; but when the first drain is made by a dry spell 
upon the circulation of the tree, it fails to respond. The poison- 
ed bast and sap-wood prove unable to meet the demand and the tree 
dies. Often a tree may go into the winter in apparent fair condi- 
tion; but will break down suddenly in early summer. Peach trees 
are especially apt to do this, and many a dead tree has been charged 
to the insecticide employed when, as a matter of fact, it was al- 
ready doomed when the application was made. It is important, 
therefore, to make whatever remedial applications are intended, be- 
fore the tree or plant is so badly injured that it is unable to recover 
when the insects are killed. 


16—6—1902 
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NATURAL METHODS OF SPREAD. 


It has been been already described how, through nursery stock, 
the pernicious scale was scattered throughout the Atlantic and Cen- 
tral States; but after all, this method would reach only individual 
orchards here and there and, on the whole, only a comparatively small 
number of trees would be infested. The question here to be an- 
swered is,—how, when a few trees in an orchard or a vicinity are 
affected, does the insect get to other trees or orchards. 

The natural powers of locomotion of the scale insect are alto- 
gether inadequate to carry it from one tree to another unless the 
branches or twigs touch or interlace. I have seen in young apple 
orchards, individuals scaly for three years and no trace of spread to 
other trees; though those originally infested were killed. In truth, 
no seale larva will voluntarily leave the plant on which it is born. 
If it does, it has not the strength to enable it to get from one tree to 
another over a rough soil, even if it had the ability to move ina 
straight line to a determined end. In fact it has not such ability and 
the distribution is hap-hazard, by external agencies alone. Whena 
badly infested tree is swarming with larvae, the little creatures get 
upon anything that is quiet long enough for them to do so. The 
foot of a bird, or an insect of any kind, may serve as a carrier. 
Sparrows, where they are at all abundant, are the usual agents. 
They sometimes congregate in flocks; crowd a tree; chatter volubly 
and then fly to another near by or a long distance off. With them 
they carry from one tree to another, from orchard to hedge and hedge 
to orchard, any scale larvae that may be at the time moving on any 
of the plants visited by them. Other birds do as much in another 
manner. A mother seeking food for her brood will visit a tree again 
and again, hunting caterpillars, and will carry them to her young. 
She spends much time about her nest, and near it the first trace of 
scale on old trees can nearly always be found. 

The very lady-birds that feed on the scales serve as agents for 
their spread. The writer has seen the twice-stabbed lady-bird busily 
feeding on infested twigs, and half a dozen or more larvae crawling 
safely about on its wing covers. When the beetle flies, the larvae 
travel with it. So there are many other agencies that may carry the 
young from place to place. Even the wind may at times serve as a 
distributor. In one case the writer showed an orchardist how he, 
himself, was infesting previously clean trees. He had been cul- 
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tivating among infested small trees and had, by striking the lower 
branches, become pretty well covered with larvae; his straw hat be- 
ing especially well supplied. He left this infested lot for an old 
apple orchard and there seated himself on the ground, with his back 
against the trunk of a tree, and his hat in a convenient crotch. From 
that hat, larvae by the dozen were getting upon the tree when I was 
led by some suspicion to examine it! Birds first, insects second, 
winds next and careless horticulturists last, may be enumerated as 
the natural methods by which this scale insect spreads from place to 
place. 


NATURAL ENEMIES. 


This subject has been touched upon incidentally, on a previous 
page. The most important of the predatory enemies, are two species 
of lady-birds and a minute, parasitic wasp. One of these is the 
twice-stabbed lady-bird, Chilocorus birulnerus, which has done such 


Fig. 4.—Aphelinus fuscipennis, very much enlarged. (From Howard and 
Marlatt, Bull. 3, n. 8., Div. Ent., U. S. Dept. Agr.) 


good work in Southern California. It fails to do equally well for 
us in the East, because our climate is such that it can make only two 
annual broods and these not very large; in Southern California it 
breeds nearly all the time and eats dormant scales by the hundred 
before they start breeding in spring. 

The other of the lady-birds is the Pentilia misella, not much larger 
than the scale itself and black in color. This seems to breed all sum- 
mer in considerable numbers and remains on the trees in cracks and 
crevices all winter; but it is so small and, compared with the scale, 
breeds so slowly, that practically the farmer gets little benefit. 

The little wasp parasite is Aphelinus fuscipennis, which has been 
also mentioned as occurring in California. It is found in the East 
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wherever the scale occurs, and always takes a certain percentage 
of specimens. The female lays a single egg in a scale insect and the 
parasite larva develops and comes to maturity within the body of its 
host. Other lady-birds feed on the crawling larvae, and some other 
predatory species pick them up occasionally; but nothing is really 
effective as a check. 

In 1896, the writer introduced into New Jersey a large number of 
duced the Chilocorus similis from Japan; but this also died. 

Other natural checks, are heavy rains in the breeding season and 
diseases. The writer bas seen hundreds of larvae washed down and 
battered to death by a heavy summer shower, and knows from ob- 
servation that damp cold weather is fatal to many of the crawling 
stage. 

Disease plays an important part in the multiplication of the 
species, and its percentage affects very materially the rate of in- 
crease. On some trees, in some years, the writer has found ninety 
per cent. of the scales dead from some unknown disease; but thus far 
this has been neither isolated, studied nor propagated. Prof. Rolfs 
found a transmissible disease in Florida, that was effective there, and 
he succeeded in getting pure cultures. Some of the diseased scales 
and some of the cultures were brought into New Jersey, and ona few 
scaly trees the disease was actually established; but it was found 
that the climatic conditions were not favorable for its spread, and 
while for two years the disease was active where it was established, 
it has not extended to other trees and did not even control the scales 
where it had taken hold. 

Up to the present then, we cannot in the Atlantic States, depend 
upon natural checks for effective assistance in preventing injury from 
the San José or Pernicious Scale. 


lady-birds from California. All of them died. In 1898, he intro- 


THE SCALE PROBLEM AS IT CONFRONTS THE HORTICUL- 
PURIST. 


The presence of the pernicious scale in any orchard offers two al- 
ternatives to the fruit grower. He must either abandon his trees or 
he must fight the insect actively, persistently and intelligently. If 
he has an infested peach orchard the need for action is imperative 
or his trees will be beyond help. Other trees will last longer, but 
as soon as the insect extends throughout the tree, the fruit will be- 
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come unsaleable. He can expect no present help from nature; but 
I do not mean to say that changes in natural conditions will not in 
time make matters more easy. California suffered for a quarter of a 
century and still must fight in some localities. We have had the in- 
sect scarcely more than a decade; yet in New Jersey, horticulturists 
are holding their own against it. 

If the fruit grower decides to fight, he must, if he expects success, 
realize that it will not be a short, sharp effort, but a long, steady task 
that is before him. He must become fully acquainted with all stages 
of the insect and its habits; not from reading this bulletin alone, but 
from personal verification of its statements, in the orchard. He 
must become acquainted with the peculiarities of his trees; what 
treatment they will stand, and what he must avoid. He must de- 
termine by actual experiments, based upon the information here 
given, just what he can do most effectively and most economically. 
No one application of any material can be completely successful, be- 
cause it is a physical impossibility to hit every scale on a tree of any 
considerable size. There are always a few protected examples thai 
escape our most thorough treatments and these will serve to restock 
the trees. A little carelessness may allow so many to escape that 
in a single season a tree may become as bad or worse than it was when 
the treatment was originally made. Finally, he must determine 
whether he will depend mainly upon summer or winter work, or 
whether he will combine the two. 

In summer the presence of the foliage makes the use of the more 
powerful insecticides impossible; but on the other hand the insects 
are much more easily killed. In winter very caustic or very pene- 
trating applications may be made; but the insects are dormant anc 
better protected than at any other period of their existence. 


SUMMER TREATMENTS AND THEIR RANGE. 


Summer treatments may begin with the date when the scale first 
begins to reproduce—June 10—and need not end until reproduc- 
tion ceases—about November 15. Before the former date the scales 
are not more easily penetrated than during the winter; after the latter 
date those that may be killed by summer mixtures would die even 
if no application was made. 

Summer mixtures are such as may be applied to living foliage or 
actively growing shoots without causing injury. ‘To be worth con- 
sidering here, they must also kill the scale at the strength at which 
it is safe to use them on foliage. 
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The only insecticide which, so far as my experience goes, answers 
all these purposes, is whale (or fish) oil soap. I have used tobacco 
mixtures, other soap mixtures and kerosene, pure or emulsified; 
but on the whole, whale (or fish) oil soap is the best. At the rate 
of one pound in three gallons of water, it may be applied safely at any 
time after June 15, on any tree except peach and it will kill all larvae 
and recently set forms. Of course this leaves the old scales alive; 
but forms a check to increase that is very effective. Early breeding 
is in full swing about June 20, and an application thoroughly made 


Fig. 3—A pear, natural size. infested by the San 
José Scale. The scales are shown as black dots, 
the surrounding shade representing the purplish dis- 
coloration; at b, a single scale is shown, very much 
enlarged. (From Howard, Cire. 3, 2d ser., Div. Ent., U. 
S. Dept. Agr.) 


at that time, will wipe out so many of the young that unless it is very 
bad the tree will go safely through the summer. On peach, one pound 
in four gallons of water is the limit of safety in June. The heaviest 
broods of scales come in late September and early October, and at 
this time trees not bad during the early season may be swarming 
with young. Now even peach will stand one pound of soap in three 
gallons of water, and all other trees will stand one pound in two 
gallons. The foliage in early October is mature, the buds are form- 
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ing, and there is nothing that is readily injured except the scales. 
A thorough application then made will kill off the very forms that 
would otherwise live safely through the winter. A thorough appli- 
cation in late June and another in early October should keep the 
trees fairly safe without winter treatment. Ordinarily, however, 
the fruit grower prefers to make his radical applications in winter, 
and in that case his summer applications are intended mainly to 
prevent the tree from being severely injured before winter sets in. 
The soap mixture may be applied at any time when needed, and at 
least once every two weeks after the middle of June the owner of an 
infested orchard should go through it carefully enough to determine 
whether any trees need treatment. 

Instead of soap, kerosene or crude petroleum may be used. These 
are much more effective but require much more care in their use. 

A fruit grower at Middlebush, N. J., uses summer applications of 
crude oil in his plum orchard continuously and finds no difficulty in 
controlling the scale. He keeps his trees trimmed low and under 
constant supervision. When he notices considerable scale breeding 
on any tree, he applies the oil by means of a knap-sack sprayer 
through a fine Vermorel nozzle. The application is made to the 
trunk and larger branches only, and in general, in the centre of the 
tree; foliage being avoided so far as possible. As the oil kills the in- 
sects in all stages, the sprayed portion becomes and remains clean for 
the balance of the season. In this way, though the trees are always 
more or less infested, the insects are kept down to harmless num- 
bers. It requires some experience before a man uses crude oil con- 
fidently; but when that experience has been gained, it is surprising 
how freely it may be used with safety. I have treated the trunks and 
branches of peach trees with equal success and equal safety; but I 
would advise caution and experimental applications on such trees 
before adopting the method on a large scale. The rule should be, 
just as fine a spray as possible and just enough to wet the treated 
surface. The trees should be dry when the application is made. 

Kerosene of the grade used for illuminating may be used instead of 
the crude oil and is safer. It kills the insects almost as well, and is 
not so hard on the foliage; but it has no protective effect and, within 
twenty-four hours after an application has been made, scale larvae 
may set safely on the treated surface. Those who have learnt how 
to use kerosene prefer it to the crude oil, and it is certainly cleaner. 
The same rule as to the character of the spray and the dryness of the 
tree should be observed as with crude oil. In addition, the day itself 
should be dry, that the rapid evaporation of the oil may be favored. 
The insects are killed as soon as the oil penetrates them; the earlier 
it disappears thereafter, the better for the tree. 
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Vigorous, rankly growing trees are much less susceptible to in- 
jury from oil applications than are those in which the growth is 
feeble and the bark hide-bound. The horticulturist who prefers to 
rely upon summer applications must remember that scale insects 
never sleep, have no Sundays or holidays and when once started 
breed continuously. 

Persistent applications of whitewash are often very useful. Lime 
alone is not of much use against the scales, but if, just before the 
breeding begins, a thorough coating of lime wash be sprayed on the 
trunks and branches the young will find it impossible to set on the 
sprayed areas. Many indeed will be killed and many of the breed- 
ing females will be destroyed. If a coating be applied before the 
middle of May, the males when they hatch cannot gain access to 
the covered females and many will remain unimpregnated. Thus ° 
with lime alone a very decent sort of campaign may be made. The 
first application should be made about May 10th, the second, one 
month later, June 10th. Thereafter applications may be made as 
often as the covering becomes badly worn. A little salt adds greatly 
to the sticking qualities of the material. The wash should be spray- 
ed on as is the Bordeaux or other mixture in which lime is used and 
it should always be strained before using. 


a 
4 


4 


Fig. 6—San José scales attacked by the fungus, Sphaerostilbe coccophila. The pale circles 
around the scales are the orange fruiting processes; in some cases the scales have dropped off, 
leaving round or oval pale spots; about four times natural size. (From Smith, N. J. Exp. Sta. 
Repts.) 
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WINTER WORK AND WINTER INSECTICIDES. 


A tree free from foliage and in a dormant condition will stand 
more severe applications than can be safely applied in summer. The 
season is longer, outdoor farm work is largely at a stand-still, the 
insects are not breeding and, almost naturally, the fruit growers have 
preferred to fight the scale during the winter months. 

But, while the tree is thus dormant and in its most resistant 
state, the scale insect is in the same condition. The stage in which 

_ the winter is most safely passed is as a half grown larva under the 
black scale. This black scale consists of a thin waxy material hard- 
ened by a lac-like substance which gives it great resisting power to 
ordinary solvents. The first cast skin of the insect itself now forms 
part of the covering, and brings an addition of chitine that makes it 
yet more resistant. The edge of the scale is sealed closely to the 
bark of the tree or other plant, and there is no perceptible opening 
anywhere around its margin. 

To reach the insect beneath this covering we must have either a 
caustic that will corrode the scale or a very penetrating material 
that will soak through or under it. 

The caustics that have approved themselves best are the lime; salt 
and sulphur wash on the Pacific Coast, and the whale oil soap on the 
Atlantic Coast. The penetrating materials are crude petroleum 
and refined petroleum or kerosene. 

Kach of these will be taken up and its action and range of useful- 
ness defined. 


LIME, SALT AND SULPHUR WASH. 


This is chemically, when properly prepared, a double sulphide of 
lime, with an excess of lime in its composition. It is very caustic 
and corrosive when fresh and if it remains dry holds its caustic quali- 
ties for a considerable period of time. It decomposes slowly under 
such circumstances, giving off suffocating and poisonous vapors in 
small quantities; but acting continuously upon the insects covered 
by it. In the presence of moisture the caustic combinations change 
rapidly and dissolve out, leaving only a good coating of ordinary 
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whitewash which may remain intact a long time. In Central and 
Southern California, indeed throughout most of that State, long 
periods of dry weather give opportunity for the mixture to produce 
its maximum effect. In the moist climate of the Atlantic slope, the 
dry winter periods sufficient to allow the insecticide to act, are ex- 
ceptional and their occurrence cannot be foretold. 

A complete analysis of this material and a technical statement of 
just what chemical changes occur, is to be found in Bulletin No. 30, 
New Series, of the Division of Entomology of the U. 8S. Department 
of Agriculture. What has been said in the previous paragraph pre- 
sents the result in a generalized form. 

It is fair to state that in Oregon where rains are frequent, the 
wash is as successfully used as in California, with a different formula 
for its make-up. It is also well to say that in the winter of 1900-01 
the Oregon formula was satisfactorily used in Burlington couuty, 
New Jersey, while one of the Californian mixtures was successful in 
Washington, D.C. Mr. Marlatt had in previous years used the wash 
in Washington, fully as well made and applied under favorable con- 
ditions, always without satisfactory results. He attributes the suc- 
cess of 1900-01 to a period of dry weather, lasting three weeks after 
the application was made. The New Jersey result cannot be explained 
in this way, for rain began before the treatment was completed. Inas- 
much as in another State the same wash had been an almost absolute 
failure, we are left somewhat at sea as to the actual value of the 
material under Pennsylvania conditions. Applications will be made 
in New Jersey during the present winter under careful supervision 
on a scale large enough to determine the practical worth of the 
mixture in the East.* 

Inasmuch as the wash is absolutely safe on peach trees, the import- 
ance of a thorough trial is obvious and as some benefit is almost cer- 
tain to be derived, it may pay Pennsylvania peach growers to give it 
a trial. 

The Oregon formula which was used in New Jersey, is as follows: 


Sulphur, Ground (POUNCE) poke aces cr eteiemetetete stele « « 50 
Lime; -unslacked (pounds), fi... ss... sere aie © cs 50 
Salt, stock(poumd’s) 56 ee cs, Sascvteile wll cerry eo ce 50 


This will make 150 gallons of wash. 

Slack the fifty pounds of lime in enough water to do it thoroughly, 
add the fifty pounds of sulphur and boil briskly for at least an hour, 
adding water in small quantities as necessary; then add the salt 
and boil hard for at least fifteen minutes more. Add hot water to 
make the 150 gallons and apply at a temperature of at least 100 de- 
grees, Strain before using and apply with a Bordeaux or similar 
coarse nozzle. 


*Since the above was written a year has passed. The wash has been extensively used and with 
almost uniformly good results. It has become the standard insecticide for this scale in some 
localities and is unreservedly recommended as best for peach trees, 
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The formula used by Mr. Marlatt is: 


Pame Un Sl aAked: (BOUNUS), i)... /.:. civ. alpen « coe s desist nis 0 30 
Saal ATI PLOUNG (MOUMGS) occ. css 5 eyes «cia ess ov lola. o's! as 30 
SURE O CKO OO UINM) ei oschore ont otct sue ato chee tore Jsnite. eiere%s soe athe he 15 
PRE Tro AML OID) et Ae eet Peso Siavlepaits TaPtPs ok ates) oot olay on 056 60 


The mixture was steam boiled four hours and applied hot, 

A great diversity of directions for preparing this wash appears in 
the Pacific Coast publications; but the essential point is that there 
must be a very thorough boiling for at least one hour. Two, three 
or even four hours are often recommended and the mixture must be 
hot* when applied. In all my conversation with Pacific Coast or- 
chardists, this “long boiling’ was emphasized. 

Straining is always essential, and it should be noted that the wash 
is very corrosive. Pump and hose should be most thoroughly washed 
after using it and the hose will at best last only a short time. 
Leather, rubber or cotton packing must be well looked after in all 
cases. 

The price of this wash, aside from the labor involved, should not 
exceed two cents per gallon and it may be applied at any time during 
the winter. 


WHALE OIL.SOAP. 


This was the material first successfully used in Maryland in fight- 
ing the pernicious scale, and it can be usually depended upon for 
good results when applied at the rate of at least two pounds in one 
gallon of water. This is also a very caustic substance and cor- 
rodes the scales upon which it is spread. As the scales thin out, the 
moisture of the air dissolves the soapy coating and the mixture, in 
time, soaks through the covering, coming into contact with the in- 
sects below. ‘Too much rain may wash off the soap before it has had 
an opportunity to produce its specific effect, and the result will be 
correspondingly incomplete. At any strength less than two pounds 
in one gallon of water, the effect will not be sufficiently complete and 
the tendency has been rather in the direction of using two and one- 
half or even three pounds of soap in the same quantity of water. 

This makes a nasty mess to spray, and it should be at least warm to 
remain liquid enough to pass readily through the nozzle. Great 
thoroughness is necessary, that there may be material enough to 


*This not now regarded as essential for good effects; but the mixture sprays better when 
warm, 
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penetrate through the scale masses on badly infested trees, and that 
it may get into the crevices and irregularities of the bark. 

This strong soap mixture has one serious drawback. If applied in 
the early winter it. almost invariably kills the entire fruit set on 
peach trees and a large percentage of that on other orchard trees. 
As spring advances the bad effect on the fruit buds becomes less 
marked and, if the application is made just before the trees start, 
little or no harm will be done. This throwing the time of treatment 
so far along in the opening season is a great disadvantage, because 
any accident to machinery, or a long streak of adverse weather, may 
make it impossible to complete the work in a large orchard. On 
peach trees even one pound to one gallon of water will injure some 
fruit buds if applied early in winter; but on other orchard trees this 
seems to be safe. 

There is an incidental effect from both of the caustic mixtures de- 
scribed. The lime, salt and sulphur wash is a tolerably good fun- 
gicide and will kill off a very large proportion of the spores lodged on 
the surface of the treated trees. The soap mixture on peach trees 
seems to cure the leaf curl. 

There are several good fish oil soaps on the market. They are 
called “whale oil;” but, as a matter of fact, are made chiefly from re- 
fuse fish oil. The writer has tried and can speak personally of three 
of these. One is made by James Good, 939 North Front street, Phila- 
delphia, Pa., and is a soft soap. Another is made by W. H. Owens, 
Catawba Island, Ohio; and is also a soft soap. ‘The third is made by 
Leggett and Brother, 301 Pearl street, New York City, N. Y., and is 
a hard soap. Mr. Good makes two kinds; one that he calls Potash 
No. 3, and one containing and an indeterminate quantity of tobacco 
extract; but otherwise the same. The tobacco adds nothing to the 
soap as against the San José Scale. 

All these soaps are good and any one of them will answer for any 
of the purposes for which such soap is recommended here. The cost 
of all of them ranges between three and one-half and five cents per 
pound, dependent upon the quantity purchased. ‘A gallon of wash 
would thus cost for winter applications from seven to ten cents, ex- 
clusive of freight charges and other expenses of preparation. 

The effect of the material on fruit buds must be always kept in 
mind; but where this feature does not become important, as when 
trees are not of bearing age, the date of application may be any- 
where between January 1st and the opening of the buds. 
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KEROSENE. 


The results obtained with this material have been excellent so far 
as effectiveness against the scale is concerned. They have been ex- 
tremely variable in their effect on the trees. ‘Some of the New Jer- 
sey growers are quite satisfied with it and will continue to use it; 
but the majority prefer the crude petroleum. | 

Kerosene may be used either undiluted, in a mechanical mixture 
with water or in the form of an emulsion with soap. 

For winter application the emulsion has proved a failure, prac- 
tically; but as it is a standard mixture, the directions for making it 
may be here given. 

IRCTOSCTIC AGA LOMS) 02a ce iano yale aioe ae ane ene ame 
WNUGE (2 ALLO) Meagan napster, siereuste siete Maes leis es cc aetre ele ee 
Hard-soap, shaved fine (pound)..30.60 ck bcc ocnls ees 4 


ke bo 


Dissolve the soap in boiling water, warm the kerosene and pour 
it into the boiling suds. Churn with a bucket or other force pump for 
about five minutes, by pumping from and into the bucket through a 
coarse nozzle. This will result first in a milky white mixture and 
soon in a thin cream that becomes difficult to pump. It will be 
pure white when cold and of the consistency of butter at a tem- 
perature of sixty degrees. 

This emulsion contains sixty-six per cent. of kerosene and may be 
mixed with water to any extent; if well made it will keep, without 
separating, for several days. For summer applications this material 
has a great range of usefulness; but it is not so good against scale in- 
sects as the whale oil soap and not so satisfactory as the mechanical 
mixture. Rain water or other soft water should be used in making 
the emulsion; if only hard water is available, it should be softened 
with soda or borax. 

A mechanical mixture of kerosene and water is made by pumping 
with the same stroke from a kerosene and a water tank in such pro- 
portions as is desired. The liquids join near the nozzle and are forced 
out together in a milky, white spray. Anywhere from ten per cent. to 
fifty per cent. of kerosene to a corresponding percentage of water 
may be thus applied and a fifteen per cent. mixture is quite effective 
against scale larvae and recently set scale insects. But nothing less 
than a fifty per cent. mixture will serve for full grown scales and even 
this will not always give realiable results. 

Undiluted kerosene has done best for me, in my own practice and 
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some others have done equally well; but on the other hand, some have 
obtained bad results only. It seems to be very largely a matter of 
locality and climatic conditions. The same experimenter has spray- 
ed peach trees safely with undiluted kerosene in one section of his 
State, and killed every treated tree in another. Therefore undiluted 
kerosene should be cautiously and experimentally used, especially 
on peach, until its local effect is determined. The precautions to be 
observed are: Spray with a very fine nozzle; use no more than 
enough; see that the trees are dry and that the weather is such as to 
favor rapid evaporation. 

The cost of kerosene varies from six to ten cents per gallon accord- 
ing to locality. It is therefore about as expensive as whale oil soap 
of equal quantity; but kerosene is so much more penetrating and 
spreads so much better, that a given quantity will cover almost twice 
as much surface as the same quantity of soap suds. 

Kerosene depends for its effectiveness upon its penetrating power 
which carries it through and under the scale, into contact with the 
insect below. 


CRUDE PETROLEUM. 


Crude petroleum is the natural product as it is obtained from the 
oil wells, and varies greatly in composition. I need not go into de- 
tails on this point further than to say, that to be useful for insecticide 
purposes it should have a paraffine base and, if used undiluted, should 
have a specific gravity of forty-three degrees or over on the Beaume 
scale. I do not mean to assert that oils with an asphaltum base may 
not be useful; but I know nothing about them as insecticides. There- 
fore, whenever crude oil, or crude petroleum is mentioned in this Bul- 
letin it must be understood as a paraffine base oil of forty-three de- 
grees or greater specific gravity. Such oil is produced in Pennsyl- 
vania, West Virginia and Ohio, and it may be either green or amber 
in color. 

Crude oil contains the light napthas, the somewhat heavier illumi- 
nating oils, and, in addition, a variable quantity of paraffine and vase- 
line. When it is sprayed on a smooth surface so as to make a thin 
covering, the light oils evaporate in a very short time, leaving a film 
of greasy material which is the vaseline and paraffine. If the surface 
be non-absorbent this film will remain indefinitely through heat and 
cold, provided dust be excluded. In the heat it will thin out a little; 
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in the cold it will thicken. If dust be admitted it will adhere to the 
greasy surface until a layer is formed so thick that all the fatty mat- 
ter is absorbed init. If the surface covered by the film be absorbent 
every particle of the vaseline will find its way into the absorbent ma- 
terial unless a dusty or other covering absorbs it. 

Precisely this happens when a tree is sprayed with crude oil. The 
light oil is very penetrating, and soaks at once through the scaly 
scurf, carrying down also the vaseline and wax into contact with the 
insect. In a very short time this light oil is gone and the greasy 
coating alone remains: the scales absorb and hold’this. On trees 
with a smooth, waxy bark like certain pears, the surface is not ab- 
sorbent, the coating remains and no young scales can set until, by 
growth, uncovered bark appears, or until the dust has taken up the 
grease and the coating rubs or flakes off. 

On peach, the bark is absorbent except on the newest shoots, and 
whatever vaseline is left after soaking the scales gets into the plant 
tissue. If the bark is coarse and thick and the vaseline film thin, no 
harm is done; the inert outer layer takes it all. If the bark is thin 
and sensitive and the coating thick, the vaseline will replace the con- 
tents of the plant cells and kill them. It will continue to penetrate 
until it is all absorbed and so we have kills. In Southern States the 
bark on peach is more sensitive and thinner than in the North; hence 
oil, unless carefully used, is dangerous or fatal. In the latitude of 
Philadelphia it is safe with reasonable care. 

I have been thus explicit concerning the crude oil because I be- 
lieve it to be the most effective material tuus far employed against 
~ the scale, and reasonably safe for all trees when its use is understood. 

The killing power is not only in the light oils, but in the vaseline 
residue; in fact, coating an infested bark with vaseline would re- 
sult in the death of every covered scale; probably also in the death 
of the tree. 

I have treated all the ordinary orchard trees with crude oil at all 
periods from recent dormancy to just starting and never killed a tree. 
I have killed peach buds by soaking them with oil, from a brush, 
but secured a full crop after spraying in October. I first sprayed 
and afterward painted a young peach and had a full show of flowers 
next spring. So I have drenched an apple by letting the oil run down 
from the tips of the twigs until the whole tree had as much oil as 
would stay onit. I killed the outer layer of bark on the trunk and 
large branches; but this flaked off, leaving a beautifully smooth bark 
underneath. The tree was as badly infested as it could well be and 
a few twigs died from the combination of oil and scale; but not a bit 
of real injury was done. Yet I know that others have been less for- 
tunate. One careful man finds it almost impossible to use the oil 
safely on Ben Davis apples; another who lives not ten miles away 
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from him declares that it is impossible to hurt Ben Davis no matter 
how much oil you put on. 

Mr. John Repp, of Glassboro, N. J., used 1,000 gallons of oil, undi- 
luted, during the winter of 1900-01, without hurting a tree; and his 
case is not exceptional. 

In the peach district of North Jersey the crude oil, used in a me- 
chanical mixture with seventy-five per cent. of water, finds most 
favor, and this seems to be the result of experiments made on peach 
by others. 

In a mechanieal mixture containing twenty-five per cent. of oil, 
each particle of oil is accompanied by three particles of water, and if 
the spraying be as carefully done as with undiluted oil, the same 
amount of oil is made to cover four times as much surface. As the 
water evaporates or is absorbed, the vaseline and paraffine remain; 
but the coating is only one-fourth of what it would be were the oil 
applied pure. 

It must be remembered that the oz/ is the killing agent and there 
must be enough to kill the insects. The water simply spreads the 
same amount of killing material over a larger surface. The evidence 
seems to be in favor of the effectiveness of the twenty-five per cent. 
mixture and its safety on trees. It may pay the careful man to ex- 
periment a little, especially as for this a lower grade oil may be used. 

It makes a difference on peach as to the time when the oil is ap- 
pled. ‘Trees treated in January have been killed where others in ad- 
joining rows, treated in March, were unhurt. Bark completely dor- 
mant is probably more absorbent than that in which the sap is ris- 
ing. On apple, pear or plum, it makes little difference at what time 
of the winter the application is made. Fruit buds will not be harmed 
by any reasonable covering. Yet I would not recommend treat- 
ment to be made before January. So I would prefer to have trim- 
ming done after the spraying, for if done before, the cut surfaces 
would absorb a certain amount of oil. If the cutting is close to the 
branch this absorption may cause injury; but if one-half to one inch 
stubs are left, no harm will be caused and the trimming may be done 
before the spraying. 

As to the price of the crude oil, that has varied from season to 
season and will vary in Pennsylvania in proportion to accessibility. 
In New Jersey, the Standard Oil Company demands thirteen cents 
per gallon and gets it. For this they furnish a green oil,—Insecticide 
oil they call it,—that tests forty-four degrees or very close to it. In 
Ohio, oil testing as low as thirty-five degrees has been safely used in a_ 
twenty per cent. mechanical mixture. I would be afraid of oil so low 
in grade; but forty degrees or possibly thirty-eight degrees might be 
safe in a twenty-five per cent. mixture if there is a material difference 


in price. : 
Pp é: eee | 
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SUGGESTIONS FOR PRACTICE. 


From the information given in the preceding pages, the fruit 
grower should be able to determine upon his plan of campaign 
against the pernicious scale; but a few suggestions based upon prac- 
tical experience may not be amiss. 

If the grower does the work himself, he can get along with crude 
oil only. If he must depend more or less upon hired help, whale oil 
soap should be on hand for the summer applications unless he prefers 
lime. At least once a month—better once every two weeks—every 
tree in the orchard should be looked at closely enough to note any 
serious increase in the scales. Whenever larvae are noted in such 
numbers as to render injury probable, the tree should be marked for 
immediate attention and this attention should be given—not merely 
intended. Whale oil soap, lime or crude oil may be used as indicated 
urder the head of summer treatments. The inspection in late Sep- 
tember or early October should be especially close, to lessen the num- 
ber of scales that are to be reached by winter treatment. I do not 
suggest treatment whenever larvae re seen ona tree, unless summer 
work is to be altogether relied upon; only when the insects occur 
in dangerous swarms. Spraying should not be done when the fruit 
is nearing maturity, especially in peach; but should be done, if need- 
ed, soon afterward, to prevent a drain that may interfere with the set: 
ting of fruit buds. 

When the foliage is all off, or at any time in December, a system- 
atic and careful inspection should be made to determine what trees 
should be treated. I am by no means in favor of dosing every tree 
because here and there a scale may be detected. Where scales are 
well distributed over a tree, treat by all means; but if only a few ex- 
amples can be found by close search, give the tree another year. 

In all except peach orchards I would unhesitatingly suggest crude 
petroleum for the winter treatment. Pears may be treated first, 
any time after the beginning of January. Plums may follow next. 
Apples had better come in February, and if peaches are also to be 
treated, let them come last, in March. My personal preference is in 
favorof the undiluted oil, carefully applied, for the following reasons: 
The oil alone kills; if only oil is applied, every particle is effective; if 
oil and water are applied there are three or four ineffective particles 
and where these strike, no benefit will be derived; any carelessness 
that results in the irregular action of the emulsion pump produces 
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irregularity in results. Yet on peach it may be safer to apply the 
twenty-five per cent. mechanical mixture, unless either the lime, salt 
and sulphur or the soap mixture is preferred.* The former may be 
applied any time when a dry spell seems likely. The latter should 
be delayed just as long as it is safe to do so. 

If undiluted oil is used, it should not be too cold. It is very fluid 
at ordinary temperatures but thickens a little when they are low. 
The oil is a bad conductor and if a barrel comes from a room at 
sixty degrees, it can be completely sprayed out before it loses very 
much, even in a freezing temperature. 

The horticulturist must ever be observing, ready to act at a mo- 
ments notice, persistent in the fight, ready to take advantage of 
any opportunity to lessen the pest and studious to find what is the 
best practice in his own surroundings. He must not be afraid to 
try experiments and should not allow an occasional failure to dis- 
courage him. 

The man who brings the most intelligent consideration to bear 
upon his own case will be most successful in the end. 


MACHINERY AND HOW TO USE IT. 


The important point to be looked to, if oil is to be used, is the 
nozzle. Any good pump will do to supply the power; but there must 
be a Vermorel nozzle with a fine tip to distribute the material. This 
should be so, even if a mechanical mixture is used. On large trees 
a group of two nozzles or even a triplet may be used; but always get 
the cap with the smallest opening. A gas pipe spraying rod ten 
feet long is an excellent bit of accessory apparatus and it should have 
a shut off at the bottom. 

For whale oil soap, a Vermorel nozzel with an opening of larger 
size may be used; er a Seneca, Bordeaux or McGowan nozzle will 
answer. For lime, salt and sulphur the Bordeaux nozzle is especially 
suitable, but there are others that will serve almost equally well. 

The Vermorel nozzle may be obtained from all makers of insecti- 
cide machinery, and almost every one of these has something that 
corresponds with the Bordeaux nozzle, throwing an adjustible, fan- 
shaped spray. It is important that a noazle for the lime wash be 
easily cleaned in case it becomes obstructed. 

As to the pump for straight forward spraying, there are so many 
good machines on the market that it is unjust to recommend any one 


°The lime, salt and sulphur wash is now recommended in preference to all others. 
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make over all others. Every agricultural paper has the advertise- 
ments of half a dozen makers and each will readily send descriptive 
catalogues. 

Each man must select a pump according to his needs and he should 
remember that, while a powerful pump can be made to do a little 
work, it is not possible to make a weak pump do work beyond its 
capacity. Be sure to get one fully equal to your needs. 

For orchard work, it is economy to have a good pump of large ca- 
pacity that may be mounted on a barrel, ona tank wagon or even on 
a wagon platform with a suction hose to go into the barrels of spray 
mixture. 

A good pump is one in which the valves and all the working parts 
are of brass, which is simple in construction, has a good sized air 
chamber, metal packing, a stout wrought iron frame, and a good 
leverage. Rubber is objectionable if oils are to be used, but leather 
is admissible. For the caustic washes, especially the lime, salt and 
sulphur, neither rubber, leather nor cotton will prove lasting. 

Besides a pump of large capacity, a knapsack pump is often useful 
in orchard work, especially among young or dwarfed trees. Particu 
larly is this so when summer treatments are to be made. The knap- 
sack pump should have a detachable oil tank for applying mechanical 
mixtures of oil and water. 

Of the emulsion pumps, only two types are known to me that come 
up to reasonable demands. One series is made by the Goulds Manu- 
facturing Company, Seneca Falls, N. Y., the other is made by the 
Spramotor Company, London, Ontario, Canada. Both of these are 
good and both come in various sizes and styles, from which the pur- 
chaser must select that which best suits him. In using these emul- 
sion pumps a few simple rules must be observed to make their work 
reliable. | 

Work the lever evenly and, so far as possible, continuously. If 
spraying must be stopped, shut off both pumps at the base attach- 
ment. Never allow either oil or water to get below the suction 
point. Attention to these details may make all the differences be- 
tween success and failure. 

As to prices for machinery, these vary so much that no safe esti- 
mate can be given. It depends upon the accessories needed and upon 
the demand to be made upon the machine. A good pump is always 
a cheap pump; but a cheap pump is not always one that costs least 
money. 
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THE NURSERY PROBLEM. 


The agency of nurseries as distributors of insect pests has been 
elsewhere dwelt upon. The methods to be adopted to prevent this 
distribution are matters of control by the State authorities and not 
within the scope of this article. 

Experiments have shown that so far as the pernicious scale is con- 
cerned, stock may be thoroughly cleared of it by careful fumigation 
with hydrocyanic acid gas. As this destroys also many other fruit 
pests, it is not an unreasonable requirement that nurserymen should 
fumigate all their fruit stock before sending it out. 

Fumigation as here used, means exposing the dormant stock to 
the action of the gas ina properly constructed room or building, for 
. a time sufficiently long to kill the pernicious scale. 

A properly constructed room or house is one that is gas tight. It 
is best made of wood, may be of any desired size or shape, should 
have double walls with building paper between, should be ceiled with 
tongued and grooved stuff closely fitted and should have closely fitted 
doors and one window to be closed and opened from without. There 
need be no flooring; but unless the stock is fumigated on a wagon 
backed into the house, there should be a slat floor a foot above the 
ground. In the center there should be a place for the gas generator 
which may rest upon the ground. If a wagon is used, the generator 
may go under the wagon. The space below the slat floor is to allow 
the diffusion of the gas in every direction. The stock should not be 
packed too tightly and should be so arranged that toward each corner 
there should be a tolerably open chimney or passage through which 
the gas may get to the ceiling. 

The formula for each 100 cubic space is: 


Cyanide of potassium, 98 per cent. pure, by weight, 1 02. 
Sulphuric acid, sp. gr. 1.83, by measure, ......... 2 OZ. 
WATORS: Gislsicim ote sib & adevone asoweleisee, oF se-700 tl ieee eae 4 07. 


Pour the acid slowly into the water and when everything is ready, 
drop the cyanide, broken into small lumps, into the mixture. Ina 
small house, the cyanide in a paper bag can be dropped by hand into 
the jar and before this bag is penetrated the operator can get out and 
close the doors. , In a large house, with considerable stock, the bag 
of cyanide may be suspended over the jar by a string, attached near 
the doors. When the doors are ready to close, release the cord that 
the bag of cyanide may drop into the dilute acid and close the doors 


1g. 7—A properly constructed fumigating house; note the edge of the door. 


Size 16x10x7 feet. (From Smith, N. J. Exp. Sta. Repts.) 
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tightly. The jar may be any glazed earthenware vessel, sufficientl) 
large to hold double the amount of liquid necessary. This is to avoid 
slopping or sputtering over, when the formation of the gas begins. 
Fully dormant stock may be safely exposed one hour or more. Apple 
and pear will stand a much longer period. Peach is most sensitive 
and, if the exposure is to be a long one, the amount of material used 
should be reduced one-fourth. At that strength a house may be 
left closed all night. The essential points are an absolutely tight 
house; the generator in the middle and a chance for the gas to reach 
all parts of the room readily. 

It should be remembered that all the materials used to produce 
this gas are violent poisons and the gas itself is extremely poisonous. 
Care should be taken not to inhale any of it and, when the fumigat- 
ing house is opened, this should be done from the outside in such 
a way as not to get the first whiff from within. The one needed 
window should be opposite the door, and both doors and window 
should be open for at least ten minutes before the house is entered. 

Infested stock thus fumigated has been planted out, closely watch- 
ed and found free after three years. The effect is absolute if the 
work is well done and therefore it is well within the police power of 
the State to require the nurseryman to erect and maintain a proper 
fumigating plant, and to see that he understands its use. The 
nurseryman should not be hampered in his business more than is 
absolutely necessary to protect his customer, and this is a limita- 
tion that my experience with the trade leads me to believe will be 
acceptable. 


FINALLY. 


While the San José or Pernicious Seale is a most destructive insect, 
it has its good side. Its advent has stimulated the horticulturist 
to a closer study of his subject. It will drive out the incompetent 
and unintelligent grower by killing his trees. It will tend to the 
production of more limited crops of better fruit, for which better 
prices may be obtained. 

And, after all, we can control the insect if we set out earnestly to 
do it. If we cannot grow fruit without it, we can do so in spite of 
it. It has been and is being done in New Jersey. 


bo 
jor) 
bo 


ANNUAL REPORT OF THE Off. Doc. 


CANNING OF FRUITS AND VEGETABLES. 


By PROF. GEORGE C. BUTZ, State College, Pa. 


THE CANNING INDUSTRY. 


The cnormous quantity of canned goods that is annually put up 
by American factories is astounding, to say the least, and when con- 
sidered commercially, is well worthy the distinction of an industry. 
The pioneers in the business may have hesitated to invest largely 
_ in this stock, but it is certain now that the canning industry is on as 
permanent a basis as is the iron or coal industry. The successful 
preserving of fruits and vegetables in tin wrappers in quantities to 
supply the world and for a price that will carry the goods into the 
humblest home, has been demonstrated by the experience of more 
than a quarter of a century. The demand for canned goods steadily 
increases from year to year, and it may be said even now that a large 
part of our population is wholly depending upon the canner for the 
fruit and vegetable part of their diet. This is true not only of the 
millions who dwell in tenements and other thickly populated por- 
tions of our cities, but also of other millions who formerly grew their 
fruits and vegetables in private gardens and abandoned them in 
favor of the canned articles which may be had at a less cost and with 
less labor. 

‘A steady increase in population requiring increased quantities 
of foods, the introduction of special machinery to economize labor 
and cheapen production, and the tendency of men to engage in special 
and limited lines of work, force us to admit our mutual dependence 
for the products of each others labors. And so the canning indus- 
try has attracted to itself the men who are specially qualified to 
prepare and preserve certain foods which could not be enjoyed by 
millions of their fellowmen, except for this art of canning. The 
demand for canned goods will continue to grow and it is next to im- 
possible to estimate the probable development of the next quarter 
of acentury. The growth of the business done in the past decade is a 
pretty fair index of what may be expected in the future. Im the 
reports published by the American Grocer, the total packs in 
America of tomatoes and corn for the past ten years are expressed 
in figures as follows: 
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TOMATOES. 
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The permanence of a business dealing with such quantities can- 
wot be questioned. It may be remarked also that the total output 
of the canning factories of this country in vegetables and fruits is 
practically all consumed within our own boundaries. The foreign 
shipments have been small, simply because the home consumption 
has held all the goods in this country. Zhe Trade, of Baltimore, 
a journal for canners and grocers, in a weekly review of September, 
1901, says: 

“Meat has for many years been one of the steady articles of supply 
which the new world has sent to the old. Fish in the form of salmon 
and sardines, to say nothing of oysters and barreled fish, have fur- 
nished vast amounts of exports to foreign people, and it is as certain 
as the rising and setting of the sun that canned goods will yet form 
a vast amount of exports from America to Europe. If Europe, how- 
ever, counts upon America for any exports of canned vegetables and 
fruits this year, she will have to be prepared to compete with our 
home consumers for what she gets. There will be no surplus of any- 
thing this year for exports.” 

It is difficult to obtain statistics of the latest pack because the 
packers are not inclined to teli their output for fear of influencing 
the market against them. 


THE HISTORY OF THE DEVELOPMENT OF CANNING VEGE- 
TABLE PRODUCTS. 


When we look for the beginning of canning fruits and vegetables, 
we find the credit and honor of the discovery is accorded to a French- 
man named Appert, who in 1810 published under the authority of 
the French government the results of his experiments im preserving 
fruits in air-tight packages after boiling. As early as 1819, Thos. 
Kensett, who probably learned the art before leaving England, is 
known to have put up canned goods in New York in partnership with 
Ezra Daggett. This firm obtained a patent in 1825 for an improved 
method in the art of preserving, from the United States government. 
During the subsequent fifteen years other attempts at preserving 
fruits, vegetables and fish were made in several quarters along the 
eastern coast, but they were not all successful. Isaac Winslow, of 
Portland, Maine, began his experiments in canning sweet corn i: 
1839; at first he boiled the whole ears without satisfactory results. 
He then cut the corn from the cob before boiling, but was disap- 
pointed to find, later, that nearly every can swelled. He persisted, 
however, in his effort to find the error of his ways and after many 
years of failure and partial successes he perfected his methods and 
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secured a patent for it from the United States in 1862, several years 
after the application had been made. Isaac Winslow was the first 
to pack sweet corn in cans for sale. In 1847 the first tomatoes were 
packed for sale. This was in New Jersey. It was not long before 
small canning factories were established in several States east and 
west, but many reverses were met with from time to time to dis- 
courage very extensive packing. As late as 1878, the corn packers 
of Maine lost their entire output by having it spoil, for a reason 
which they could not then discover. E. D. Duckwall referring to 
this event in his “Bacteriology” of canning in 1899 says: ‘‘The few 
manufacturers in Maine at that time suddenly had a very rough ex- 
perience in 1878, when the entire output spoiled, nor were they ever 
afterwards able to sterilize their cans by the boiling process. Capi- 
tal had been invested, and fhe business had been growing rapidly 
before, and now every thing seemed to be lost. New locations were 
tried, longer times of boiling were given, but without avail; the corn 
seemed to have changed into a new product which would not keep. 
Some manufacturers sent samples to chemists for analysis to find 
out what caused the trouble, but the real cause not being known they 
could not give the manufacturers any information of practical value, 
except that the spoiled corn contained small round globules which 
were not dissolved by boiling heat.” Such experiences kept canners 
shy of making heavy investments until a closer study of the diffi- 
culties brought about such modification of the processing of corn 
that “swells” became infrequent and are now reduced to a very small 
fraction of the pack. 

Twenty-five years ago the demand for canned goods became brisk 
and factories were springing up in many of the States, prominently 
in Maine, New York, New Jersey and Maryland, the last named being 
a strong leader in the industry for several years. In 1890, it is re- 
ported that 20,000 factories were in operation in the United States, 
and it is very probable that the late census will show that the num- 
ber has more than doubled with greatly increased facilities. 


CO-OPERATIVE CANNERIES. 


In recent years, agents of canning machinery manufacturers have 
visited rural communities to induce farmers to organize themselves 
into companies to grow vegetables and erect a canning factory to 
pack the crops. All encouraging information was freely given and 
the so-called “secrets” of canning were promised in the event of 
organization. The agent was interested only to the extent of mak- 
ing a sale of the factory outfit for which, often, an exorbitant price 
was charged. It stands to the credit of the farmers, however, that 
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but few such factories were established, probably the sad experiences 
of the co-operative creameries restrained them from venturing upon 
anything that had the word “co-operative” attached to it. 


INDIVIDUAL MANAGEMENT. 


The nature of canned goods is such that the management of the 
business of the factory is most successfully conducted when it is 
reposed in one responsible head. The person chosen may represent 
a company, but he should be possessed of such business traits that 
all confidence may be placed in his ability to buy materials and sell 
goods. He must have in his employment a “processor” whose ex- 
perience will bespeak a successful pack. Such men are paid from 
$50 to $150 per month, according to their qualifications. The work 
of the processor requires the greatest amount of skill, and while 
formerly a great degree of mystery was thrown about his work to 
guard the “secrets” of canning, it is now well known that there are 
no secrets, except where the use of preservatives forbidden by law is 
practiced. Canners have learned that it is better for them to throw 
open their factories to visitors, permit the closest inspection of their 
operations and disclaim any secrets, and thus retain the confidence 
of the people in the cleanness, wholesomeness and purity of the 
foods they can. No person can steal a processor’s skill by a visit to 
his factory; nor can one equal the capper’s speed by watching him 
at his work. 

Farmer’s are benefited by having canning factories operating in 
their section of country, as they find it more profitable to grow to- 
matoes, corn or peas for the canner than by growing any other 
crop. The basis of calculation is upon present prices paid for raw 
materials. The yield of tomatoes varies greatly im different years 
and soils. It may be considered as coming somewhere between 8 
and 16 tons per acre, a fair average yield being 12 tons or about 400 
bushels. During the- past season farmers contracted to supply to- 
matoes to the factory at $6 per ton, but owing to the unfavorable 
conditions existing in September, many canners were eager to get 
tomatoes at a much higher figure. 

Corn does not figure so well. The yield from good land is about 
4 tons per acre for which the canner pays about $6 per ton. Where 
corn is being extensively canned, as in New York and Maine, the 
farmers count it a little more profitable to grow sweet corn for the 
canner than to devote the same land to their usual crops. 

Peas of the varieties grown for canning will yield 75 to 100 bushels 
per acre. Packers pay from 75 cents to $1.25 per bushel. The farm- 
ers of Delaware when peas are extensively canned, realize an aver- 
age net profit of $20 per acre, after accounting for labor, seed and 
fertilizer. 
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LOCATION OF CANNING FACTORIES. 


There are several important considerations that determine the 
proper location of a factory. While there are a number of large 
factories in the principal cities, the great majority of them are in 
the small towns scattered over the country districts. Here the 
canner is in close proximity to the vegetables or fruits which he cal- 
culates to pack, and he may have them delivered at his factory in 
the freshest possible condition. Too much stress cannot be laid 
upon this consideration, for the quality of canned goods depends 
largely upon the condition of the raw material at the time of canning. 
If fruits and vegetables must be bruised and heated by much hand- 
ling and close packing for transportation, they cannot be expected 
to turn out of the cans with as fine an appearance and flavor as the 
goods that does not suffer such injury. The many establishments 
in the cities take advantage of the great surplus of vegetables and 
fruits that constantly pour into the markets and being perishable 
must be sold at any price. 

If a Jocality possesses a soil and climate adapted to the growing 
of such vegetables and fraits that it is desired to possess, it is a 
simple matter to induce the farmers of the region to plant and grow 
them when a profitable market is in sight. The farmers of Pennsyl- 
vania have long felt that they must find a crop to take the place of 
so much wheat, which it is no longer profitable for them to grow. 
Wherever factories have been successfully conducted, the farmers 
have been pleased with their experience in growing and supplying 
the raw materials, and they have profited greatly by the changes 
brought about by the establishing of a canning factory. ‘The two 
vegetables most extensively canned are tomatoes and sweet corn, 
and neither is very exaciing as to the character of its soil, therefore, 
one needs not travel far to find a suitable locality for a factory so far 
as the soil is concerned. 

Transportation Facilities.—The facilities for carrying goods to the 
centres of trade have much to do with the success of a canning 
business. Therefore it is desirable to choose a location with railroad 
and telegraph or telephone cummunications. Without railroads a 
canning factory cannot draw the raw materials more than a few 
miles ard its possible output would be exceedingly limited, and the 
marketing of its goods very expensive. On the other hand, with rail- 
road facilities the raw materials may be drawn from a much larger 
territory, and the cased goods can be placed in the markets at the 
least expense. If a private side track of railroad can be placed 
close to the factory, much time and labor may be economized in the 
loading and unloading of materials shipped and received. The ware- 
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room in which the cased goods is stored may also be conveniently 
located along the side track. 

Water Supply.—An abundant supply of pure water is constantly 
needed during canning operations. Materials must be washed or 
scalded, utensils and machinery kept clean, and in the processing 
so much steam is used up that the boiler requires frequent replenish- 
ing with water. 

Laborers.—\t is also well to consider the matter of securing the 
mecessary help to carry on the operations of canning to the fullest ca- 
pacity of the factory. If the factory can be located where the com- 
munity can supply sufficient hands, men and women, to successfully 
operateit the difficulties that attend the employment of non-residents 
will not be met with. The great bulk of canned fruits and vegeta- 
bles is put up within three months and during that time the perish- 
able goods are brought to the factories in immense quantities. At 
such a time a single day’s idleness or insufficient help, will entail a 
great loss to the business. About 10 hands (unskilled), will be 
needed to run a factory of 2,000 cans per day capacity. 


CAPITAL REQUIRED. 


The amount of capital necessary to properly conduct a canning 
business may be much or little, according to the capacity of the 
factory and the variety of goods to be canned. There have been 
remarkable financial successes in this business, but equally remark- 
able failures also, and the latter have frequently been attributed 
to insufficient capital forcing the sale of the entire stock of goods 
when the market price is low. With sufficient capital to carry the 
larger part of the stock until there is a real demand for it, a fair 
profit will be realized and dividends may be declared. For instance, 
a smali factory for canning tomatoes, with a capacity of 2,000 cans 
per day may put up 80,000 cans by operating 40 days. It will have 
a building and outfit of machinery and tools costing about $700. 
The cans will cost $1,600, the tomatoes $1,000 and the skilled and un- 
skilled labor for forty days will cost $650, sundry items of expense 
$50, making in all a total of $4,000. If such a concern is capitalized 
at $2,000 with the expectation of making quick sales to pay for ma- 
terials consumed, it may be forced to sell the entire pack at almost 
cost to meet its obligations and then find no profit in the investment, 
but with a capital of $3,000 or better, $4,000, labor may be promptly 
paid, the farmer will be made happy with his cash and all materials 
will be paid for at cash prices. The canner is then independent with 
his pack and can wait for a market that will pay him a profit of 10, 
15 or even 20 cents per dozen cans of his tomatoes and he has 
realized from 20 to 30 per cent. upon his investment and owns his 
factory clear of debt. 
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Several of the largest canning establishments are capitalized with 
over a million dollars, and operate many factories running night 
and day during the busy season, each factory at its best turning out 
50,000 cans per day. Such large concerns are developed only after 
years of experience in the management of smaller establishments. 
This brief bulletin is prepared to meet the queries of persons seek- 
ing their first information about the canning business, and not as a 
guide to the experts. 

The small canning factories putting up a limited quantity of but 
one line of goods are better able than a large factory to give the 
closest attention to details and thus can insure an excellent quality 
in what they pack. Many of these factories contract to put up 
goods fer large factories and thus dispose at once of the entire 
pack. A fair price may be secured in this way, but large profits 
due to real or fictitious “short supply” reports are sacrificed to the 
larger speculator in the goods. 

The jobbers in canned goods are often responsible for extreme 
fluctuations in the market, and the small packer having no oppor- 
tunity to know the exact condition of the supply is induced to sell 
on a very small margin of profit. The packer should keep himself 
informed concerning the true state of affairs with information from 
the most reliable sources, that he may protect his interests against 
the misrepresentations of speculators. Much canned goods is sold 
‘at first hand below cost, simply because the packer could not afford 
to hold Lis goods until an apparent glut was removed. 

As an illustration of a remarkable development of a great estab- 
lishment from a small beginning, we need only turn to the famous 
pickling and preserving house in our own State, that of H. J. Heinz 
Company, at Pittsburg, Pa. They write that “In 1869 the present 
business of H. J. Heinz Company was founded in Sharpsburg, a 
little suburb of Pittsburg, Pa., on three-quarters of an acre sown 
with horse-radish. The founder of the company was its entire force 
of cultivators, and two young girls were its manufacturing staff— 
grating the horse-radish for market. A common wheelbarrow was 
the only vehicle used by the company for marketing its products, 
and the entire manufacturing was done in a small two-story brick 
building. At the present day the expanded company is planting 
18,000 acres with its own seeds and gathering the fruits of many 
thousand acres more. Its main plant at Pittsburg, Pa., occupies 
17 large buildings, and it has 38 salting stations, 9 branch factories 
and 26 branch warehouses and offices, and employs steadily over 
2,500 workers. Its original wheelbarrow has expanded into huge 
drays and speedy automobiles and a host of Heinz refrigerator and 
tank cars running throughout the United States.” Inspection of this 
magnificent plant is invited and every courtesy is extended. 
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ARRANGEMENT AND PLAN OF FACTORY. 


Whatever capacity of factory may be planned for, the dimensions 
of the building should be ample enough to permit the most conven- 
ient disposition of tables and kettles, so that there shall be no undue 
crowding of the workmen, and at the same time to secure such a 
compact arrangement that no unnecessary traveling is called for in 
passing from one step to another in the operations. A building 
20x40 feet, two stories, will accommodate the outfit and necessary 
workmen for a capacity of 2,000 cans of tomatoes per day. For a 
capacity of 10,000 cans per day, the floor dimensions of the building 
should be 80x75 feet. The plan is not necessarily a rectangle. It 
may be more convenient to make the structure in the form of an L. 
For a capacity of 20,000 cans per day with the machinery for canning 
fruits, vegetables and meats, a building 50x100 feet would afford 
ample room. This, however, does not make allowance for a ware- 
room, which should have about an equivalent space. 

The plan should permit wagons bringing raw materials to pass 
over scales, to make record of the weight of each delivery before 
reaching the receiving platform. Close to this supply is placed the 
scalding kettle in which the first step in canning tomatoes is taken. 
From here they are placed upon the peeling tables to be peeled. 
This is work that must be done by hand and for which women are 
usually employed. The peeled tomatoes are passed to the packing 
tables if the cans are filled by hand, or to the hopper of the filler 
if a machine is used. The cans are then capped upon the capping 
table, tested in the exhaust kettle and when effectually sealed 
they are submitted to the cooking process in the process kettle. 
After the cans are cooled, which may be hastened by passing through 
cold water, they are temporarily placed in cases and stored until a 
suitable time for labeling. It is evident, therefore, that much time 
and labor may be economized by so arranging the tables, kettles 
and other apparatus to admit the simplest handling from step to 
step in the series of operations. 

The firms supplying canning machinery are prepared to submit 
designs for any style of factory to suit any set of conditions that 
may be proposed to them, and the cost of the structure can be es- 
timated by a local builder. 
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CANNING FACTORY OUTFITS AND SPECIAL MACHINERY. 


The simplest outfit for a canning factory is that used for canning 
tomatoes at the rate of 2,000 cans per day. For this it is customary 
to have a 15 H/, P. boiler to furnish steam for heating the water in 
the scalding kettle, the exhaust and process kettles; but a number 
of small factories are operated without a boiler by heating the ket- 
tles over a furnace. <A scalding kettle is usually of cast iron with a 


DovuBLE Dump SCALDER. 


capacity for 60 gallons. Into this the tomatoes are dipped by means 
of scalding: baskets which are made of galwanized iron wire and hold 
a bushel. The peeling tables come next into use to hold the scalded 
tomatoes. Here about 9 women peel the tomatoes and put them 
into 14 quart indurated fibre buckets, of which about 2 dozen should 
be kept on hand. At least 2 dozen peeling knives are needed at 
this tabie. A packing table comes next into use, where the to- 
matoes are placed in the cans. As the cans are filled they are placed 
on the capping table, where with capping steels the tin caps are sol- 
dered on and the air vent is tipped with tipping coppers. On this 
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table or convenient to it is placed a gasoline fire pot to heat the 
soldering tools. The next requirement is the exhuust crate made 
of strap iron in which the cans are placed in a single tier and which 
by means of a crane is lowered into the exhaust kettle to drive out 
the cold air. Can tongs are used to remove cans if necessary while 
they are hot, and lastly the process crate is used to carry two tiers 
of cans into the process kettle for the final boiling. A complete 
list of such an outfit is as follows: 

Outfit for tomato canning plant 2,000 3 Ib. cans capacity per day. 
Without boiler, kettles bricked in, heating by furnace. 

1 Cast iron scalding kettle, 60 gallons. 
Exhaust kettle, boiler iron, diameter 36 inches, depth 24 inches. 
Process kettle, boiler iron, diameter 36 inches, depth 24 inches. 
Scalding baskets. 

Exhaust crates, 1 tier. 
Process crates, 2 tiers. 
Sets of grate bars. 
Furnace doors. 

Crane, complete. 

20 gallon gasoline tank. 
Air pomp for gasoline tank. 
Air gauge for gasoline tank. 
Gasoline fire pot. 

Floor truck. 

Capping steels. 

Tipping coppers. 

Yorging stake. 

Vise. 

Thermometer. 

Platform scale. 

Can tongs. 

Dozen peeling knives. 
Syrup gauge. 

Hammer. 

24 Buckets, 14 quarts. 

6 Capping trays. 

2 Peeling tables, 2x10 feet. 

1 Packing table, 3$x8 feet. 

1 Capping table 8x8 feet. 

The estimated cost of this outfit when supplied by any of the re- 
putable houses dealing in canning machinery, is $210. If the boiler 
is used instead of the furnace, the cost of the outfit would exceed 
$450. 
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INCREASING CAPACITY. 


If success attends the management of a small factory and the ex- 
perience of a few years warrants expansion, it is not a difficult mat- 
ter to introduce the modern machinery which has reached a high de- 
gree of perfection and is made to replace most of the hand labor of 
the small factory. In a factory with a capacity of 40,000 cans per 
day we find two 60 H.P. boilers to supply steam and power instead 
of one 15 H. VP. boiler, a power scalding machine that will do the 
work of ten men, a platform conveyor for the peeling tables to carry 
the peeled fruit to the filling machine. The Lockwood Gang To- 
mato Filler easily fills 40,000 cans in ten hours. This outfit in- 
cludes also special machinery for capping the cans and a sufficient 
number of process kettles to do the cooking as fast as the filled cans 
can be furnished. . Such machinery is expensive, but when it is run 
at its full capacity the cost of canning is greatly reduced. When 
special lines of goods are to be canned in large quantities, it becomes 
necessary to have special machinery, as for instance, for corn there 
is needed one or more corn cutting machines. These machines cut 
the green corn from the cob more perfectly than can be done by hand, 
and receive the ears as rapidly as an operator can place them in 
position in the trough that feeds the knives. Such machines cost 
from $150 to $3800 according to the style and capacity. A corn silk- 
ing machine is used to remove the silk and bits of cob from the corn 
after it is cut from the cob, such machines vary in price from $50 to 
$200 each. 

In large factories making a specialty of packing peas, is used a 
pea hulling machine which will hull from 500 to 1,000 bushels of 
peas in a day without bruising or crushing the peas. Other special 
machinery is a pea cleaner which is a slowly revolving screen 
cylinder that removes pieces of pods and other coarse particles, and 
a pea separator which is a revolving perforated cylinder that grades 
the peas into various sizes. A hulling machine costs about $1,500, 
and the separator costs about $300. The <Awtomatic Pea Filler and 
Briner is another vaiuable piece of machinery in the pea factory. It 
may be set to fill the cans with an exact amount of peas, and a hot 
brine of a definite quantity is automatically poured into each can. 

Another machine that greatly aids in increasing capacity in a fac- 
tory is the Hawkins capping machine. There have been capping 
machines in use for more than ten years, but all of them entailed 
considerable labor and confusion. With them it was necessary to 
place by hand a dozen warm cans upon a tray, by hand feed the 
tray to the capper and by hand take away the tray after the cap- 
ping and after taking out the cans return the tray for another dozen 
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cans. The Hawkins machine is constructed upon a totally different 
plan. It uses no trays, but has a continuous supply of cans. The 
machine takes the cans from the filler and feeds them automatically 
to the wiper, a series of revolying brushes, and when wiped clean 
they are carried by an operator who places a tin cap upon each can. 
In its passage each can comes in contact with an aciding device 
that works automatically and without any interruption is delivered 
to the capper which is operated by one man, the capacity being 
45,000 cans in 10 hours. Twelve cans are capped by each operation 
of the capper. As they leave the capper by the continuous carrier 
another operator tips the cans in the passage. The saving of labor 
and expense by this machine is very great, and factories which are 
large enough to use it find that it greatly cheapens the cost of pack- 
ing. 
Outfit for a tomato canning plant, 40,000 cans capacity per day. 

2 60-H. P. boiler, complete with all trimmings. 

1 25-H. P. engine, complete with all trimmings. 

1 100-bbl. cyprus water supply tank. 

1 4-ton wagon scale. 

1 Power washer and scalder. 

5,000 Brass peeling checks. 
32 Dozen peeling knives. 
40 Dozen 14 quart buckets. 

1 Platform conveyer peeling table for 150 peelers. 

1 Lockwood gang can filler. 

1 Continuous chain steam exhauster. 

1 Hawkins capping machine, complete with wiping machine, 
acid machine, counter shaft, inside heated tipping iron and 
automatic can counter. 

1 Continuous can tester. 

2 Fire pots. 

2 Hand capping steels. 

1 Dozen can tongs. 

11 Open process ketiles, 40x42 inches. 
11 Perforated steam coils for kettles. 
40 Process crates for 3 layers of cans. 

1 Power crane. 

1 Conveyer cooling tank. 

8 Floor trucks. 

1 3-bbl. gas machine with blower. 

1 Combination vise. 

1 Machine hammer. 

1 Pipe wrench. 

1 Cyclone pulp machine. 

The estimated price of this excellent outfit is $5,500 and while it 
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is selected with reference to tomatoes, the addition of a few small 
pieces would complete the outfit for canning fruits and pumpkins. 

A similar outfit for canning corn with a capacity of 40,000 cans 
per day, including the best modern machinery is estimated to cost 
$8,500. 


THE VARIETY OF FOODS PUT UP IN CANS. 


The variety of focds that is put up in cans and jars is exceedingly 
great and has not yet reached its limit. It is estimated that about 
400 varieties of fruits, vegetables and meats are successfully packed 
in their season, and over 4,000 “brands” of these have been registered 
in the United States. The inferior qualities which in former years 
held canned goods under suspicion are now seldom met with; a bet- 
ter grade of raw materials is used and more care and cleanliness in 
canning is exercised. Reports of poisoning from the use of foods 
from tin cans are much less frequent. However, the cases of al- 
leged poisoning by canned goods have never been reported over the 
signature of a reputable physician. It is a well known fact in most 
households that when a can is opened its contents must be removed 
from the tin at once or under the influence of the air an action will 
take place and render the food unfit for use. The neglect of this 
precaution, especially with tomatoes and similar acid foods, has 
caused cases of sickness. 


PROCESSING. 


The most particular work in canning foods successfully is what is 
known in the factory as the “process,” and for which a responsible 
man known as the processor isan absolute necessity. He was once 
supposed to have locked up in him great secrets without which 
canning could not be properly done. His importance, however, is 
not diminished in the slightest degree by the disclosure of the prin- 
ciples of his processes, for his peculiar and “mysterious” power rests 
in his experience and good judgment in performing his particular 
work. Processing simply means the cooking of the canned goods 
at such a degree of temperature and for such a length of time that 
the contents of the can will be effectually sterilized and cooked ten- 
der. The length of time required varies with the article being canned 
and the temperature under which the boiling takes place. Two 
kinds of processing kettles are used; the open top and the closed top 
kettles. In the former, boiling takes place at 212° F. and no higher 
temperature can be secured. This is known as the open bath pro- 
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cess. The closed top kettle is an iron chest or retort into which 
steam may be introduced under pressure, and thus raise the tempera- 
ture of the boiling water above the normal boiling point. After the 
filled cans are placed in this kettle, it is run full of water to the 
upper blow-off pipe, and the lid is then bolted securely. As steam is 
being introduced the upper blow-off pipe is left partially open until 
the water boils or the thermometer registers 212° F. The blow-off 
pipe is then closed tightly and the safety valve set to a temperature 
of 240° F. The higher the degree of heat carried the shorter is the 
time necessary for processing. 

The following list of products and the necessary temperature with 
the required time in a ciosed-top process kettle is given by Duckwall 
in “Bacteriology :” 

Corn, 250 degrees Fahrenheit, 55 minutes. 

Young peas, 240 degrees Fahrenheit, 15 minutes. 

Marrowfats, 240 degrees Fahrenheit, 25 minutes. 

Milk, 250 degrees Fahrenheit, 50 minutes. 

Products containing miik, 250 degrees Fahrenheit, 50 minutes. 

Meats, 250 degrees Fahrenheit, 55 minutes. 

Meat soups, 250 degrees Fahrenheit, 50 minutes. 

Peaches, 240 degrees Fahrenheit, no time given. 

Cherries, 240 degrees Fahrenheit, 2 minutes. 

Plums, 240 degrees Fahrenheit, 2 minutes. 

Pears, 240 degrees Fahrenheit, 12 minutes. 

Tomatoes, 240 degrees Fahrenheit, 10 minutes, hot; cold pack, 15 
minutes. 

Apples, 240 degrees Fahrenheit, 2 minutes. 

Berries, 240 degrees Fahrenheit, 2 minutes. 

Lima beans, 240 degrees Fahrenheit, 25 minutes. 

Pineapple, 240 degrees Fahrenheit, 8 minutes. 


Some of these products like corn, peas, beans and the meats can- 
not be processed in oper kettles, but the fruits and tomatoes may be. 
The time required would be from three to six times as long. Perfect 
sterilization means the killing of all bacteria that may have entered 
the can before it was hermetically sealed. These bacteria, numerous 
in variety, microscopical in dimensions and every where present, are 
the organisms which cause all the “swells” and “spoilage” of packed 
foods. Many of them are killed in a temperature of 212 degrees 
Fahrenheit, but those which work mischief in corn and animal pro- 
ducts escape death in a boiling temperature and therefore are sub- 
jected to 250 degrees Fahrenheit to be overcome. Frequent 
heavy losses due to imperfect sterilization have induced 
some canners to use preservatives. ‘This practice has met 
with just criticism and it is certain that the pure food 
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laws and the officiai inspections will drive all goods thus 
preserved from the markets. There is no reason for using 
preservatives in canned goods for it has been fully demon- 
strated that with the proper temperature and time in processing, 
‘anned products may be made to keep perfectly. 


CANS. 


Canned goods are put up in glass and tin. The former makes the 
better appearance, but is much more expensive and therefore can 
be employed only for a special grade of stock. Tin cans when prop- 
erly sealed are just as serviceable to preserve the foods as is the 
glass. In the early days of the canning business when the cans 
were made entirely by hand, and 100 cans per day was the output 
of a single workman, they cost the packer about ten cents each. 
This price to-day would be enormous when we remember that the 
cost of the food in the can, together with the expense of putting it 
there is commonly but one-fifth the cost of the can. 


MERRILL-SOULE ToMaTO FILLER. 


3y the introduction of labor saving machinery within the last 
thirty years, the cost of cans has been greatly reduced and many 
factories make their own cans at about the same price they would 
have to pay for them to purchase from the can making establish- 
ments. These latter concerns are fully equipped and turn out sey- 
eral hundred thousand cans per day at one factory. Their prices of 
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cans are quoted below. The entire outfit for making cans of 2-ib. 
and 3-lb. sizes costs about $400. This cost would be less for a fac- 
tory that is equipped with heating apparatus. With such an outfit 
it is possible to turn out between 3,000 and 4,000 cans per day. The 
list of tools required includes the following: 

Foot press. 

Pendulum press. 

Pair 3 pound top dies. 

Pair 3 pound cap dies. 

Pair 2 pound top dies. 

Pair 2 pound cap dies. 

Cap header. 

Pair square shears. 

Pair bench shears. 

Pairs hand shears. 

Pair forming rollers. 

Solder frames and cylinders, 3 pounds. 

Solder frames and cylinders, 2 pounds. 

Fire pot for seaming. 

Floating machines. 

Vise. 

Anvil. 

Hammer. 


ae ee a a SO CO 


Tin plate is put up in boxes, each box contaiming enough tin to 
make 270 3 pound cans or 370 2 pound cans. The price of tin plate 
fluctuates. The prices quoted for the last season were as follows: 


PRICES OF TIN PLATES USED BY CANNERS. 


ieCx4x20 scharcoal, uowa ys. a. acer. veto 

i Cy 14x20c102 pound Bessemer steel; ....2.5... $6.15 
I. C. 14x20 100 pound Bessemer steel, ....... 6.00 
I. C. 134x194 95 pound Bessemer steel, ...... 5.95 
I. C. 184x194 90 pound Bessemer steel, ...... 5.90 
I. C. 14x22 110. pound Bessemer steel,-....... 6.75 
I. C. 14x22 100 pound Bessemer steel, ...... 6.50 


Cans are made in certain sizes and shapes. 

No. lis a1 pound can 2} inches in diameter and 4 inches in height. 

No. 2 is a 2 pound can 3 7-16 inches in diameter and 4 9-16 inches 
in height. 

No. 3 is a 3 pound can 4 8-16 inches in diameter and 4% inches in 
height. 

“Jersey” is a 3 pound can 4} inches in diameter and 5 inches in 
height. 

No. 6 is a 6 pound can, double capacity of No. 3. 

No. 10 is a 1 gallon can 64 inches in diameter and 7 inches in height. 
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Lunch cans are made usually in two sizes: 

No. 1 lunch can has same diameter and half the height of standard 
No. 2: 

No. 2 lunch can has same diameter and half the height of standard 
No. 3. 

The abreviations S. H. and L. H. in quotations of cans means small 
hole and large hole openings at the top. 


PRICES OF CANS IN 1902 FOR MARCH DELIVERY. 


Wo. 1 cans 14 inch opening, ....................+. $11.00 per 1,000 
Nom2 cans 12 inch Opening. «5.5... ie ya. oe ateles oes 15.00 
Nosorcans?2. 1-16 Inch, Opening) ci. Pocus wise 20.00 
Gallons 2 1-16 inch opening, >... o2 iia 60.25 sce 2 45.00 
Nowe tall t.in ch: Openings. ..21.,- osha, ale wieretene'sie 12.00 
No. 2 tall 1g inch opening, ~ «2. . ce... 66. e sence 16.00 
Mont slouch 1s INCH OPCUING,, coca 2 este Selo ene eier 3m us 12.50 
Nos2ulunchelsinich OpeMmine.. -925%.5%: te eet aie os 17.50 
Noe oval lg ainch, Opening tos oc. oak 2. wcities 2 oe 13.50 
Nos 2 Oval Lpinch: Opening. 256 cic ss ise wieas oe os 18.50 
No. 3 Jersey (44x5 inches) 2 1-16 inches, ........... 21.00 
No. 3 Jersey (44x54 inches) 2 1-16 inches, .......... 22.00 
No. 3 Jersey (44x54 inches) 2 1-16 inches, .......... 23.00 
No. 3 Jersey (44x52 inches) 2 1-16 inches, .......... 24.00 


For each increase in size opening, 50 cent per thousand additional. 
Less than car load lots, $1.00 per thousand additional. 
These prices are subject to change at any time. 


SOLDER-HEMMED CAPS. 


HEP MUIUCINISIZE,. & chose istakel eis «ise \ieteietola sue rh sie $0.95 per 1,000 
Dae NG SITICHY SIZE, 2 sistcreis! stsics cc sveiara are of eieite 1 30 
PAN AMVCHESIZOS raters ateuasetols aiee 1acels cere ee 1.70 


Factories wishing to keep their employes at work through the win- 
ter months find it advantageous to secure a can making outfit and 
make their supply of cans in the winter. Where this is not an ob- 
ject, it is customary to buy the cans which are shipped in boxes con- 
taining two dozen cans. These boxes are the cases in which the 
canned goods are placed upon the market. 


LABELING. 


Much care is exercised in the choice of labels for canned goods. 
The grocers shelves and window display of such goods present an 
attractive appearance when tastefully arranged. The colored labels 
aid greatly in selling such goods. The price varies from $1.00 to 
$3.00 per thousand. 

18 
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The labeling of cans is deferred until the rush of packing is over 
except for orders of prompt delivery. The labels are usually put 
on by hand in factories with a capacity under 10,000 cans per day. 
The prices paid for this work is 25 cents per 1,000 cans. In the 
larger factories, machines for labeling and for boxing are used. 


CONTRACTS BETWEEN GROWERS AND CANNERS. 


It is customary for canners to furnish the farmers, who contract 
to grow certain crops for them, with the seeds or even plants for 
such crops. These are supplied in sufficient quantities and free of 
cost. The purpose of this is to insure a uniform and desirable qual- 
ity in the tomatoes, corn or whatever crop it may be. A written 
contract is always necessary to insure a sufficient tonnage to keep 
the factory in operation during the ripening season. It is fairer to 
contract to deliver the yield of a certain number of acres than a 
definite number of tons, for the yield is always variable, but the num- 
ber of acres may be a fixed quantity. A very brief and simple form 
of contract generally used with the tomato growers of New Jersey 
is as follows: 


FORM OF NEW JERSEY CONTRACT. 


Pissis: tovcertily: that wee 6 os ae ae ee aoe ee , have bought 
Olgas Macs micttse a, cte.a"t stage Ses the product of °c. ve. :+% acres of tomatoes 
for the season of ........ Bib oe 3) Sh wie ais per ton, delivered at our 
GRIM INETSY oo tsife wie eros 6 oc ie Syn Cel wa tee aes vanes cote 


Stock to be in first class merchantable condition. To be planted 
UD OU Gass ache cis erste cre a echo tare ee 190 

SIS MAUUEC, ec isteletsreteteiel- «cleat 

Signature, <a. ea fei claios one's '> he eee ee 

Other stipulations are sometimes inserted, limiting the time of de- 


livery of stock, defining refusable material, and to pretect the can- 
nery in case of fire, accident or other contingency. 


Following is a fuller form of contract: 


TOMATO GROWERS CONTRACT. 
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nish the land and everything necessary to plant and cultivate in pro- 
per manner ........ acres of land in tomatoes, all to be planted with 
the yareuy.o1 seeds furnished by the ....-......20.-..... Canning 
Co.; and J agree to deliver ail the products of the above acreage to 
MLE eeeriat oy« eek ~pc ere. o's. 2 Cannime Co. AL tReie factory. Isc. aces chs leuens 
Pa., in a sound and ripe condition; I also agree to forfeit $5 per acre 
for any shortage in the cultivated area under the contracted figure. 
Perth c Sfoue otis seis Canning Co., agrees to pay me $25.00 per acre 
for all the tomatoes they fail to receive. 

In consideration of the compliance with the above conditions the 


2.6 bh en eee Canning Co., agrees to furnish all the seed nec- 
essary free of charge, and to pay for the tomatoes $........ per ton 


(of 2,000 pounds) delivered at the factory as above agreed. Settle 
POM IEO MOC eA OW GMC Ere orcs Gh die oie eta vele cee eles o) ehevesehe 

Tomatoes to be delivered between the hours of 7 a. m. and 6. p. m., 
on each working day of the week, except Saturday. 

I hereby agree that im the case of the destruction of the cannery 
by fire, or the elements, or if for any unavoidable cause the factory 
is unable to receive all tomatoes grown, said factory shall have the 
right to limit the delivery of said acres. 


THE SALE OF CANNED GOODS. 


The sale of canned goods of all kinds is made principally through 
agencies known as canned goods brokers. Some small canners have 
disposed of their stock directly to the grocerymen of a neighboring 
city, and others, packing a single line of goods, have contracted with 
larger factories to deliver to them the entire pack of a season as 
soon as it is ready to ship. Such sales of goods are with or without 
labels. In the latter case the “country packer” has no brand and it 
is likely he will lose pride in his output. The factory receiving such 
goods places its own labels upon the cans and im consequence the 
consumers discover that certain brands are no guarantee of the 
quality of goods bearing them. This is one of the objectionable 
practices of the canning business. 

As has been said the great bulk of canned goods is sold through 
brokers, upon written contracts between the canner and the broker. 
Such contracts may be made early in the season for “futures,” that 
is for a certain number of cases of a particular brand of goods at an 
agreed price per case, to be delivered at a certain date. Goods sold 
under contract for immediate delivery are called “spots.” Packers 
are usually required to guarantee their goods six months against 
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“swells.” It does not matter whether the goods lies in the wholesale 
warehouse or in the store of the retailer, all spoilage occurring within 
six months from date of shipment, is redeemed by the packer. Con- 
tracts are made in triplicate, one for the packer, one for the buyer, 
and the third for the broker. A sample form of contract for futures 
is furnished by Messrs. Baker & Morgan, brokers, Aberdeen, Md. 


FORM OF CONTRACT FOR FUTURES. 


No. 9382. 
; Aberdeen, Feb. 7th, 1902. 
Sold to Mr. James Smith, 
Cincinnati, Ohio. 
For account of Mr. C. Jones. 

One thousand (1,000) c-s No. 3 standard tomatoes, pack of 1902, 
Ber cteiestet iss brand, at ..........per doz. cash less 14 per cent. f. o. b. 
for prompt shipment when packed. 

Six months guarantee against swells. 

BE ansiin ec eoshotancsas ceete see tells hopegtat ike tenets eee nenone Brokers. 


A form in use in Philadelphia is as follows: 
No. 116 So. Front 8t. 


SS Oli ace voit see fi Melee ain so ee eee ess re enc Or one ore a tale en ore 

We guarantee to furnish promptly as possible well filled cans with 
fruit carefully selected. 

Quality to equal previous season’s pack or no sale. 

Plain labels put on free—Wrapper labels, 24 cents per dozen extra. 

When buyer’s labels are desired, notice must be given at time of 
purchase. 

Sellers not held responsible for non-delivery if caused by destruc- 
tion of factory. 

In case of partial failure of the crop, sellers to be only held respon- 
sible for delivery of 60 per cent. of sale made and for any portion of 
remaining 40 per cent. not delivered, to pay not exceeding 10 per cent. 
on contract price. 

TERMS—Note payable 
days from date of shipment, or 
Cash in 7 days. 
CARTAGE—2 cents per case. 
Mowpepacked OL lec te52 a poeee ee 
and shipped as early as possi- 
ble. 
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Swells guaranteed to Juy 1st, fol- 
lowing date of shipment. 
Signed, 


ON ene: ee.0) 0! ere @ \e,'@ ‘@: 10.6 0 6.0) 0, 6/16; 6/010; 0, 6 ©),0)10 1918 


VEGETABLES COMMONLY CANNED. 


The vegetables which take the lead in canned goods are corn, peas 
and tomatoes, the last named being the simplest to put up success- 
fully. It will therefore be considered here first. 


TOMATOES. 


It is estimated that an area of nearly 400,000 acres of good land is 
devoted to the growing of tomatoes for the canning factory in this 
country. The large pack of 1899 reported to have exceeded 7,000,000 
cases of two dozen cans, indicates the importance of the tomato in 
the canning industry. The bulk of the crop is grown in a few States 
of which Maryland is in the lead. The tomato is adapted to a great 
extent of territory and new regions are rapidly being devoted to the 
tomato and its canning. 

The varieties best suited to the canner’s purposes are such as pro- 
duce large, smooth, solid fruits. They should be such as ripen to 
the stem. The “Jersey Red,’ so commonly seen upon labels of 
canned goods, is not a variety of the seedmen’s catalogue, but a local 
name in New Jersey, for a tomato that has been grown for the 
cannery so long that its true name has been lost. Paragon, Cham- 
pion, The Stone and Perfection are all very good varieties. 

The plants are easily grown from the seed by remembering that 
they are very tender and should have a seed bed sheltered from cold 
winds and much well decayed manure worked into the soil to make 
it loose and warm. The plants should be ready for the field not 
later than the middle of June, therefore, whenever late frosts would 
prohibit the development of a strong plant by that time in the open 
ground, it is necessary to start the seedlings in a hot bed. No effort 
is made to have the fruit for the cannery at an early date. In this 
latitude the fields planted for this purpose begin to ripen in August 
and yield heavily until frost overtakes them. The tomato varies 
greatly in its yield according to the variety, the treatment, and the 
character of the soil. Twenty tons per acre are frequently obtained, 
but the average yield for a term of years on fairly good soil is eight 
tons, for which the farmer may expect a contract price of $5 to $7 per 
ton. The form of contract is very brief, simply setting forth that the 
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product of a given number of acres of tomatoes has been purchased 
by a certain cannery at a stated price per ton delivered at the factory. 

Many factories can no other product than tomatoes, and nearly 
every factory includes this vegetable in its list of packed goods. The 
tomatoes are put up in two pound and three pound cans at a cost of 
about 45 cents and 60 cents per dozen respectively. The practice in 
canning the tomato varies slightly in method. Some packers do not 
exhaust the cans before tipping, but cap and tip the cans as soon as 
they are filled and then subject them to the process. Others prefer 
to exhaust before the vent is tipped, and still others will steam the 
filled cans in steam boxes before capping them. Where the product 
can be rapidly passed from the scalding to the process, the first 
method is claimed to retain the best flavor of the tomato, but if 
it passes slowly from step to step the tomatoes have time to deterior- 
ate and an inferior quality results. 

The treatment of tomatoes at the factory has been given else- 
where, but is briefly outlined here again. The fruit fresh from the 
vines is scalded by being dipped into boiling water kept “jumping” 
by the injection of steam. This does not cook the tomato, but sim- 
ply scalds the skin and tissue immediately under it so that the skin 
can be easily peeled off. This peeling is done by hand, and women 
are usually employed for the work. They are paid two cents per 
14 quart bucketful, receiving a brass check for each bucketful as it 
is delivered to the packer. The checks are redeemed with cash at 
the office of the factory. The packer fills the cans (2 pounds or 3 
pounds) as solid as possible, after which if there is to be no exhaust 
the cans are wiped, capped and tipped and then tested for imperfectly 
sealed cans by submerging about one-half inch under boiling water. 
This treatment promptly reveals any imperfection in the sealing of 
the cans by forcing out the air that rises in bubbles through the over- 
lying water. Such cans are picked out with the can tongs and their 
defects are removed. The batch of cans is then processed in the 
open bath thirty minutes for 3 pound cans and twenty-two minutes 
for 2 pound cans, or in the closed bath fifteen minutes for 3 pound 
cans and ten minutes for 2 pound cans. 

The cost of canning tomatoes like the cost of canning any other 
product, in fact, depends wholly upon the prices paid for raw ma- 
terials and labor and the mechanical devices used. When every de- 
tail has been properly arranged the cost of packing 2 pound cans will 
be about forty-five cents per dozen and 8 pound cans sixty cents per 
dozen. 

Artificial Coloring.—The market demands a very red tomato and 
the packer striving to meet this demand is in some sections tempted 
to use coloring materials. This of course is contrary to the Pure 
Food Laws and the conscientious packer will not transgress the law. 
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It is very likely that materials used to color the juice and flesh of 
the tomato would also color the seed, and its presence could, there- 
fore, be easily recognized; but it is claimed by the manufacturers 
for the “Perfection” tomato coloring that it will not color the seeds 
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when used according to directions and the colored goods would pass 
inspection. This coloring liquid is advertised at $2.00 per gallon, 
a gallon being sufficient to color 25,000 3 pound cans, and is claimed 


to be absolutely not prejudicial to health in any quantity that might 
be used. 


286 ANNUAL REPORT OF THE Off. Doe: 


CORN. 


The canning of sugar corn is about of equal importance with that 
of tomatoes though the profits of packing are not so easily realized 
in the former by the small factory. So much special machinery for 
putting up corn has been invented that no factory can afford to pack 
corn without it. 


THe ULERKY-MERRILL-SOULE CORN SILKER. 


The varieties of corn grown for canning are the Stowell’s Evergreen 
and Egyptian. For a fancy grade of goods the Country Gentleman 
is preferred. It has small grains, white color and is sweeter than 
the other varieties named. The canning season is lengthened by hav- 
ing the seed planted at various dates in the spring at intervals of 
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one week from May 1 to June 15. Contracts with the farmers may 
stipulate the date of planting to regulate the supply of the crop. 
Good corn land well prepared and fertilized is used for this crop. 
The yield of ears in the husk as delivered to the cannery is from 
three to five tons per acre, for which the canners pays $4.50 to $7.00 
per ton. ‘The lower prices prevail in the west and the higher prices 
im the east. The margin of profit to the farmer on the raw material 
is as small as it is to the packer on the packed goods. 

The canner prefers to have the corn in a young stage, just about 
when it is in the best condition for table use. He directs that the 
ears should be pulled early in the morning and delivered promptly 
at the factory. To have a good white product in the can, every detail 
in handling the raw material must be carefully managed. 

The contract with the farmer usually provides that the corn will 
be delivered at the factory according to the directions of the packer, 
that corn too young or too old may be refused, and that it must be 
delivered same day as it is pulled. Canners do not like to carry corn 
over night, hence insist tpon an early delivery each day. 

As soon as the corn arrives at the factory it is husked and the 
imperfect ears are trimmed of their imperfections and then passed 
with the good ears to the cutting machines. The Sprague corn cut- 
ter is in common use in large factories. It has a capacity of 15,000 
cans per day. 

Corn is cut from the cob in two different ways, by the same ma- 
chinery according to the adjustment of the knives. In one case the 
kernels are cut off as nearly whole as possible. The corn is then 
passed through the silker to remove the silk and then filled cold into 
the cans. A weak brine is also added and the cans are then wiped 
and capped but not tipped. The cans are then exhausted by being 
immersed in boiling water for ten minutes to heat the corn and drive 
out the air. They are then tipped and put through the cooking pro- 
cess which takes place in the retorts at a temperature of 250 degrees 
‘ahrenheit. The time of this process varies with different packers, 
being from forty to fifty-five minutes. After this process the cans 
are passed through a cold water bath to stop the cooking within, and 
to prevent the corn turning dark. This method is known as the moist 
pack or cold pack, generally practiced in Maryland. 

The other method of canning corn is called the dry pack or hot 
pack and is commonly practiced in Maine and New York. In fact 
it is generally being adopted in preference to the other method in 
all the new corn canning sections. “Dry pack” corn commands a 
higher price than the “moist pack” corn. 

The knives of the corn cutter are set to cut off only the upper half 
of the kernels while the rest is removed by the scrapers in the oon- 
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dition of pulp. After passing the corn through a silker it is con- 
veyed to the “corn cooker” to be heated (not to be cooked strictly 


speaking, for this process takes place in the retorts later), and thor- 


THE CONANT SINGLE CORN COOKER. 


oughly mixed with the brine or syrup. This cooker fills the heated 


corn directly into cans, and these are then promptly capped, tipped 
and subjected to the sterilizing process as described for the other 
system of packing. 


No. 6. DEPARTMENT OF AGRICULTURE. 289 


Corn is regularly packed in 2 pound cans at an average cost of sixty 
cents per dozen. 

The margin on corn is very small and severe losses are sustained 
by “swells” and “sour corn.” The canner must make good to the 
merchant all the spoilage that appears in the warehouse or the 
grocery store. “Swells” are the cans which bulge out the lid of the 
can owing to a pressure from within occasioned by a fermentation 
of the corn. Such corn is usually “sour” and is unfit for use. It 
is evident that the cooking process did not effectually sterilize the 
contents of the can. Some bacteria resist very high temperature, 


West Process KETTLE. 


and the packer has learned by experience that the cxcessive cooking 
of high temperature turns his corn dark. Therefore the demand for 
whiteness and the fear of spoils keeps the packer anxiously awaiting 
the results of his labor. 

Heat travels slowly through a mass of corn in the can and since 
the sterilization is often imperfect, the processor keeps himself in- 
formed of the exact temperature in the corn at the very centre of 
the can by using an appropriate thermometer, made expressly for 
the purpose. Several styles of such thermometers are in use, a very 
good one is the A. B. H. self-registering sterilizing thermometer, 
which is firmly suspended from the top of a can made expressly for 
the test. The bulb of the thermometer is in the exact centre of the 

19—6—1902 
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can. The can is filled with corn and introduced with a batch of 
cans in the processing retort; at the conclusion of the process the 
test can is removed, the thermometer taken out and the registered 
temperature is easily read. The test can is then emptied and cleaned 
for the next batch of corn to go into the retort. 


PEAS. 


The pea canning business has been greatly modified in recent years 
by the invention of some remarkable machinery, particularly the 
Chisholm-Scott Pea Viner. Formerly a great army of pickers was 
necessary in pea canning sections to pick the peas from the vines in 
the fields. Another army of hands was necessary to hull the green 


.) assem 
STOO 
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THE BALLARD PEA FILLING AND BRINING MacHINE. 


peas and so throughout the whole series of operations of canning 
peas the hand labor was excessive, tedious and expensive. Now the 
vines are cut with the scythe or mower, hauled to the factory and de- 
livered to the viner or huller which shells and separates the peas 
from the vines, discharging the latter to one side and the former to 
the cleaner. The patentees and manufacturers of this viner are the 
Chisholm-Scott Co., Suspension Bridge, N. Y. They do not sell the 
machine, but place them with canners upon a royalty basis in re- 
stricted territories. 

The varieties of peas most generally planted for canning are Alaska, 
Blue Beauty and French Canner. The first two varieties are known 
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to the canner as the “Karly June” peas. They are planted as early 
in the spring as the weather will permit. ‘The peas may be 
planted in drills to permit surface cultivation or sown 
broadcast. The latter method, however, is successful only 
with certain rich soils and the dwarf varieties of peas. The quantity 
of seeds required to plant an acre by the drill method is about 24 
bushels and by the broad cast method from 3 to 4 bushels. 

The vines are cut when they are yet green, before the oldest pods 
have begun to shrivel and delivered at the factory. The grower is 
entitled to the pea vines after the hulling. The pea being a legu- 
minous plant a “nitrogen gatherer,” the refuse tops are a valuable fer- 
tilizer, and if plowed under or composted with the manure heap they 
are worth many times over the cost of taking them home. 

It has been said the peas that are taken from the vines by the re- 
markable machinery called the Viner, then cleaned by passing 
through the cleaner, then graded into four or five sizes for the cans, 
must show a uniform size of peas to pass as properly packed 
goods. The smaller sizes command the best prices. The peas are 
then “blanched” by scalding them in wire or perforated iron baskets. 
This treatment cleans and heats the peas through, after which they 
are delivered to a machine that fills the cans with peas and brine 
ready for capping. After effectually sealing the cans they are 
processed in the closed kettle at 240 degrees Fahrenheit for fifteen to 
twenty-five minutes according to the condition of the peas whether 
young or old. After the cans are cooled they are ready for the pack- 
ing house where labeling and casing is done. 

Peas are put up in 2 pound cans at a cost of about seventy cents 
per dozen. 


BEANS, STRING. 


A large quantity of string beans are canned by factories fitted up 
for packing peas and corn. The varieties chiefly planted are Early 
Valentine, Early Mohawk and Black Wax. The yield varies greatly, 
but for fair land with good cultivation it may be estimated at 100 
_ bushels per acre, for which the canner will pay about thirty cents 
per bushel. String beans are prepared for the can much as peas are, 
the ends and “strings” are removed and the large pods broken in 
two. The product is then blanched as described for peas, packed 
in 2 pound cans, filled with hot brine, capped and tipped. Process- 
ing takes place in the closed kettle at a temperature of 240 degrees 
Fahrenheit for forty minutes. 
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BEANS, LIMA. 


The Large White Lima and the Small White Lima are the two 
principal varieties of lima beans that are packed. The yield is about 
75 bushels of shelled beans to the acre. The pods are shelled by 
hand and the beans are packed, without blanching, in 2 pound cans, 
dipped in a hot brine and sealed in the usual way. Lima beans are 
processed in the closed kettle for thirty minutes at 240 degrees Fahr- 
enheit. 


SUCCOTASH. 


A combination of sweet corn and small lima beans is much called 
for in certain markets and will generally be found among “quota- 
tions.” The proportion of each is about two parts of the former to 
one part of the latter. The corn is cut from the ear as for the “moist 
pack,” that is cutting off the whole grain. The combination is then 
put in 2 pound cans according to the “moist pack” method for corn. 


SQUASH AND PUMPKIN. 


Boston Marrow and Hubbard squash, and any good cooking variety 
of pumpkin are canned in limited quantities, the latter for making 
pies. 

Squash and pumpkins are first blanched, just enough to soften the 
rind to make peeling easy. They are then sliced and grated or 
mashed and packed into 8 pound cans making them full and using 
no liquor. The processing may be done in either the open or closed 
kettle, allowing forty minutes in the former and fifteen minutes in 
the latter. 


FRUITS. 


The precess of fruit canning is very simple and therefore fruits 
are excelient material for a canner to begin on. The principles on 
which commercial canning is based are the same as those by which 
fruits have been canned for many years in kitchens. But in the 
handling of large quantities of perishable fruit in the manner that be- 
comes necessary at a large canning factory, a considerable executive 
ability is demanded. The purchase of the fruit to be delivered in 
regular installments, the prompt preparation of it for the cans to 
avoid discoloration and deterioration, and every other operation to 
the conclusion of the process require some experience, wisdom and 
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good judgment. The cauning of fruit is upon very narrow margins 
of profit and therefore the success of a business. depends greatly 
upon careful management, so that every laborer will be constantly 
employed, every operation successfully performed and that every 
expense is reduced to a minimum figure. Fruit canning is most ex- 
tensively carried on in California where the opportunities for getting 
large quantities and fine qualities of fruit cannot be excelled. For 
forty-five years this industry has made rapid growth in California, 
and the eastern canners are meeting serious competition with the 
high grade California canned fruits in the eastern markets. 

California fruits are put up with greater care and selection than 
is practiced in the east. They are packed in four distinct grades. 
The first grade is of the choicest fruits, free from all defects, peeled 
by hand and carefully packed in cans using a strong syrup. These 
are known in the markets as EXTRAS, being put up in 3 pound and 2} 
pound cans. The second grade is known as EXTRA STANDARDS, being 
selected and handled with the same care as for the first grade. The 
fruits of the second grade are slightly smaller than in the evtras, and 
are always put in 24 pound cans. The third grade is known as 
STANDARDS. In this the size of the fruit is smaller than in the pre- 
ceding and the paring (when necessary), is done by machine. The 
fourth grade is known as sEconps. In this an inferior grade of fruit 
is used. The syrup uscd in these four grades varies from a 10 
per cent. solution in the fourth grade to a 32 per cent. solution in the 
extras. 

All kinds of fruit may be canned successfully. Brief directions 
are given only for the fruits which are commonly packed in the 
eastern States. 


APPLES. 


Many small canning factories have been started in localities where 
apples are extensively grown, and have found it profitable to put up 
this one line of goods only. There are many old orchards bearing 
quantities of fruit that makes excellent canning material, but not 
being of the well known market varieties, do not command good 
prices when barreled. For this fruit the canner pays from 25 cents 
to 50 cents per bushel at the factory and the farmers are willing to 
sell at scch prices. 

Any variety that is a good cooking apple is acceptable for canning. 
The season may begin in August with the Red Astrachan, and this 
followed with Jeffries, Duchess of Oldenburg, Maiden’s Blush, St. 
Lawrence, King, Baldwin, Bellflower, Northern Spy, Rhode Island 
Greening, etc. 
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At the factory the apples are pared and cored by suitable machines 
run by hand or steam power. They are then packed as solid as pos- 
sible into 38 pound cans or in gallon cans, as the market demands. 
The cans are then filled with cold or hot water; if the former, the 
cans are exhausted 5 minutes at 212 degrees Fahrenheit before tip- 
ping, if the latter, they are tipped at once and submitted to the pro- 
cess. If this is done in the open bath the boiling is continued 10 
minutes at 212 degrees Fahrenheit, if in the closed bath 2 minutes 
are allowed for the process at 240 degrees Fahrenheit. 


PEACHES. 


Peaches are successfully grown in several sections of Pennsylvania 
and it is remarkable that there are not more factories in these sec- 
tions to work up that fruit which cannot find a better market. Peach 
canning is one of the important branches of the industry and a good 
quality of goods will find a ready sale. The best varieties are those 
with a firm, yellow flesh, like the Late Crawford, Elberta and Smock. 
The canner pays from fifty cents to $2.00 per bushel according to the 
season and quality of the fruit. At the factory the fruit is pared, 
cut into halves, removing the stones. The pieces of peach are then 
carefully packed into the cans and the ten degree cane sugar syrup 
is poured over them to fill the cans. They are then capped, ex- 
hausted five minutes at 212 degrees Fahrenheit, tipped and processed 
ten minutes at 212 degrees Fahrenheit in open bath or two minutes 
at 240 degrees Fahrenheit in closed bath. 

It costs from $1.50 to $2.50 per case to put up such peaches, and 
they sell in the market at usually double the cost. 

“Pie Fruit” is an inferior grade of peach not pared but cut into 
pieces and put up in the cans with water instead of a syrup. They 
cost less to pack and are of course sold at a lower figure than the 
other grades of peaches. 


PEARS. 


Pears in cans are always in good demand. The supply of the fruit 
is limited. The Bartlett stands at the head of the list of varieties, 
although it is not necessary to refuse any variety at the canning fac- 
tory. The best price is paid for Bartletts ranging from forty cents 
to $1.25 per bushel. Pears are put up in 2 pound cans in the east 
and in 8 pound cans in California. The fruit is pared, cut into halves 
or quarters, removing ibe core and bruises and put up in a cold cane- 
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sugar syrup using a ten per cent. or even heavier solution. The cans 
are exhausted at 212 degrees Fahrenheit for five minutes then pro- 
cessed twelve minutes in the open bath or twelve minutes in the 
closed bath at 240 degrees Fahrenheit. The cost of putting up such 
pears ranges from $1.00 to $2.00 per case. 

Other fruits that are canned with profit by the factories located 
within reach of the products are cherries, plums, quinces, apricots, 
blackberries, currants, gooseberries, grapes, pineapples, raspberries, 
strawberries and huckleberries. 


APRICOTS AND NECTARINES. 


Apricets and nectarines are canned chiefly in California. These 
fruits are wiped but not pared (except for special grades of goods), 
cut into halves and packed into cans with a cane sugar syrup. 


BERRIES. 


Blackberries, currants, gooseberries, grapes and whortleberries 
are all packed to a limited extent. The method of canning is the 
same in all cases. When the fruit is cleaned it is packed in 2 pound 
cans with cold or hot water, sealed and processed as for apples. 

Raspberries and strawberries are prepared for the cans as for 
other berries, but are packed with a syrup using extra heavy syrups 
for the strawberries. The processing is about the same as for other 
berries. 


CHERRIES AND PLUMS. 


The best cherries and plums in cans come from California, though 
some cherries are packed in the east. These fruits are put up with 
a syrup and the white or yellow-fruited varieties are preferred. 

Other fruits are packed, but the principal ones of the east have been 
considered. The pineapple is very largely canned in Baltimore, 
using the fruits which are shipped north from Florida and other 
southern countries. 

Jellies. Canners of fruits often find it convenient to convert some 
of their fruit into jellies, but too often the fruit reaches them too ripe 
to make good jelly. The fruit should be at its first stage of ripeness, 
carefully cleaned and cleared of decayed spots. It is then run 
through a grinding machine and put into a kettle with just enough 
water to keep the fruit from burning or scorching. It is boiled 
slowly for a half hour to extract the juices gud then placed in jelly 
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sacks to drain the liquid from the pulp (ordinary sugar sacks washed 
clean are excellent for this purpose.) The juice is further cleared 
by passing through one or more layers of cotton wool. When it 
has been thus treated, the juice is again heated very slowly. To 
every gallon of juice is added four and one-half pounds of granulated 
sugar, and boiling is continued for twenty minutes more. ‘The jelly 
glasses are then filled full and left to cool, then a teaspoonful of 
boiling hot paratfine wax is dropped over the jelly in each glass, and 
a tin cover over the glass completes the work. 

Crystallized Fruit. ‘This style of preserving fruit is peculiar to 
the California packers. Candied, crystallized or glaced fruits are now 
found among all first class confections, and were first prepared 
about 25 years ago. The processes are evolved from much experi- 
mentation and are not made public. This much may be said of the 
general method of making candied fruit. The juice of the fruit is 
extracted and replaced with a sugar syrup which upon hardening 
prevents decay and at the same time retains the natural shape of 
the fruit. All kinds of fruits may thus be preserved. ‘The best 
fruits are selected when at the proper degree of ripeness for ordinary 
canning. The large fruits are pared and halved, and plums and 
cherries are pitted. The fruit thus prepared is placed in baskets 
or perforated buckets and suspended in boiling water. This re- 
moves the juice from the fruit and demands the greatest skill to be 
properly timed. After the fruit is cooled it is placed in earthen 
pans and covered with a very heavy syrup, ordinarily one testing 
70 degrees by a Balling saccharometer. In this syrup, made with 
white granulated cane sugar, the fruit is allowed to remain for one 
week, then there is danger of a fermentation setting in which must 
be checked by heating to boiling point the fruit and syrup. This 
heating is repeated at intervals as necessary for about six weeks. 
The fruit is then taken out of the syrup, washed in clean water and 
is then glaced or crystallized as preferred. It is glaced by dipping 
into a thick sugar syrup and being left to harden quickly in the air. 
By dipping thus and causing it to cool and harden slowly, the sugar 
on the surface crystallizes and makes the crystallized fruit. 
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THE STANDARD OF THE BALTIMORE CANNED GOODS EX- 
CHANGE. 


Officers of the Exchange. 


Wm. Miller, President. A. F. Jones, Secretary. 


Apples.—Pared and cored, clear in color; cans to be full of fruit, 
put up in water. 

Blackberries.—Cans to cut out not less than two-thirds full after 
draining; fruit to be sound, put up in water. 

Cherries—White Wax. Cans to be full of fruit, free of specks and 
decay, put up in not less than ten degrees of cold cane sugar syrup. 

Cherries.—Red. , Cans full of fruit, free of specks or decay, put up 
in water. 

Gooseberries.—Cans to cut out not less than two-thirds full after 
draining; fruit unripe and uncapped; put up in water. 

Egg Plums and Green Gages.—Cans full, whole fruit, free from 
reddish color or specks, put up in not less than ten degrees of cold 
cane sugar syrup. 

Peaches.—Cans full, fruit good size, evenly pared, cut in half 
pieces, put up in not less than ten degrees of cold cane sugar syrup. 

Pie Peaches.—Cans full, fruit sound, unpared, cut in half pieces, 
put up in water. 

Pears.—Bartlett. Cans full, fruit white and clear, pared, cut in 
half or quarter pieces, put up in not less than ten degrees of cold cane 
sugar syrup. 

Pears.—Bell or Duchess. Cans full, fruit pared, cut in half or 
quarter pieces, put up in not less than ten degrees of cold cane sugar 
syrup. 

Pineapples.—Cans full, fruit sound and carefully pared, slices laid 
in evenly, put up in not less than ten degrees of cold cane sugar 
syrup. 

Plums and Damsons.—Cans full, sound fruit, put up in water. 

Quinces.—Cans full, fruit pared and cored, cut in half or quarter 
pieces, put up in not less than ten degrees of cold cane sugar syrup. 

Raspberries.—Cans to cut out not less than two-thirds full and 
after draining, fruit to be sound, put up in not less than ten degrees 
of cold cane sugar syrup. 

Strawberries.—Cans to cut out after draining not less than half 
full of fruit, which shall be sound, and not of the variety known as 
seedlings, put up in not less than ten degrees of cold cane sugar 
Syrup. 

Whortleberries.—Cans full, fruit to be sound, put up in water. 
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VEGETABLES. 


Lima Beans.—Cans full of green beans, clear liquor. 

String Beans.—Cans full, beans young and tender and carefully 
strung, packed during growing season. 

Corn.—Sweet corn only to be used from the cob while young and 
tender, cans to cut out full of corn. 

Peas.—Cans full of young and tender peas, free of yellow or black 
eyes, clear liquor. 

Pumpkin.—To be solid packed as possible, free from lumps and of 
good color. 

Succotash.—Cans to be full of green corn and green lima beans. 

Tomatoes.—Cans to be reasonably solid, of good, ripe fruit, cold 
packed. 

Oysters.—To cut out not less than five ounces for No. 1, and ten 
ounces for No. 2 cans; of dry meat, after liquor is drained off. ‘To be 
good size and bright color. 


STANDARD SIZES FOR CANS. 


Adopted by the Baltimore Canned Goods Exchange, November 19, 


1893. 
Diameter. Height. 
NOR ESC ans® 4S cec hassles oe ometeae ne 2? in. 4 in. 
IN OMe AMS #562 2 eects ness teaptaenagean! allots We tottus tore to nee 3 7-16 in. 4 9-16 in. 
INO seated SOAS 58 eee Fite eo okaetalon hee aiererot eee a plas 4 3-16 in. 4% in. 
No. 6 Cans, twice the quantity of No. 3. 
INGO MO AIIS: fe Aires 2s te. cia: to Siencteve saeteNe tole tae ole ae te 6; in. T in. 


STANDARD SIZES FOR BOXES. 


Sizes of Boxes for Canned Goods—Inside Measurement. 


2 dozen Cans? sizes. seis on. sil. bine oe were 114x 84x 84 inches. 
es A OC pte? oe hace (ate, arses see 144x104x 93 “ 
iy we v Oe haber apt sich aye:te ooh ak avait tke Slavens ae ae 174x13 x104 “ 
A ese i: oO hb tecbeiset: vee Bt aes beg ame eae 163xllix 8} “ 
1 bg ses Sa Hate ke ee ee ee ee lijx 84x 44 “ 
tr. ak; es SO ety CORPS aie aie. obs acetone wee a iteeeeee 144x10dx 43 “ 
ens Gallom-Camsp). 5 -}.2.5 cb Stace: 3 state Rete 19 x1l29x 7 “ 
i ae s 6 high POXCS « Bou. see ene 19 x123x14 i: 
1 bey a oo at iO Gis Gas otate Baas Saas RO eRe NPA E 
ma? NOG Camngs + saci.) tcrne shattered bie eeehaie 20gxl5gx 65 “ 
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SHIPPING WEIGHTS FOR CANNED GOODS. 


Num eM OEM gre Me cyaweten cise eynccpetemeys ors eityceoe oat © silence Giu.grevenai'e “tes 26 pounds. 
ENG yeepe es ONC See stter's a, citsliaite: a oscde ls elev ede erase scces hecans ie Pena mateceeie Oke 46 - 
eNO RESP «cherries ahs, ces eras ede eae vee a Teg 


PUBLICATIONS CONCERNING THE CANNING OF VEGETA- 
BLES AND FRUITS. 


The Art of Canning and Preserving as an Industry. By Dr. Jean 
Pacrette, of Paris. New York, 1901. Price $10.00. 

The Secrets of Canning. By Ernest Schwaab. New York, 1899. 
Price $5.00 

Bacteriology. By E. W. Duckwall. Baltimore, 1899. Price $5.00. 
A study of the bacteria of canned foods. 

Fruit Growers Manual, for Canning Fruits, ete. By Hemlon-Mer- 
iam Co. California. Price $2.50. 

Tomato Growing (for the Cannery), Farmer’s Bulletin No. 76. U. 
S. Dept of Agr. By Edw. B. Voorhees, M. A. Director of New Jer- 
sey Agricultural Experiment Station. 1898. 

Pea Canning in Delaware. Bulletin XLI. Delaware Agricultural 
Experiment Station, Newark, Del. By G. Harold Powell, Horticul- 
turist of Station. 1898. 

These publications have been freely consulted in the preparation 
of this article and while making acknowledgments to the authors, 
the writer also remembers the canners who extended courtesies at 
their factories and the canning machinery manufacturers for the 
valuable suggestion they have made. Special thanks are due the 
Sprague Canning Machinery Co., and the Ayars Machine Co., for the 
use of illustrations of modern special machinery. 


—_—_— 


SUPPLY HOUSES AND MANUFACTURERS OF CANNING FAC- 
TORY MACHINERY AND MATERIALS. 


The American Can Co., Bowling Green Building, New York city, N. 
Y.; Merchant’s Bank Building, Baltimore, Md.; Merchant’s Loan and 
Trust Building, Chicago, Lll.; 209-221 Mission street, San Francisco, 
Cal. 

The Sinclair-Scott Co., Wells and Patapsco streets, Baltimore, Md. 

Cox Bros. & Co., Bridgeton, N. J. 

Stevenson & Co., 229 N. Holliday street, Baltimore, Md. 
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Ayars Machine Co., Salem, N. J. 

Consumers Can Co., Baltimore, Md. 

The Fred H. Knapp Co. 42 River street, Chicago, Ill., labelling ma- 
chine. 

The Grasselli Chemical Co., Cleveland Ohio, soldering flux. 

Thomsen Chemical Co., Baltimore, Md., soldering flux. 

A. B. Robins & Co., 724 E. Pratt street, Baltimore, Md., outfits. 

H. Cottingham, Baltimore, Md., outfits. 

The Sprague Canning Machinery Co., Chicago, IIl., outfits. 

Burt Labelling Machine Co., 404 Atlantic Trust Building, Balti- 
more, Md. 

Remington Machine Co., Wilmington, Del. 

The Monumental Label Co., Baltimore, Md. 

Hastings Industrial Co., 79 Dearborn street, Chicago, Ill., out- 
fitters. 

E. J. Lewis, Middleport, N. Y., machinery. 

John E. Smith’s Sons, Buffalo, N. Y., kraut cutters. 

Stayman & Co., 125 East Falls avenue, Baltimore, Md., can mak- 
ing outfits. 

Thomson Manufacturing Co., 33 8. Gay street, Baltimore, Md., ma- 
chinery and cans. 

A. Schultz & Co., 1016 East Baltimore street, Baltimore, Md., sol- 
ders and fluxes. 

J. S. Hull Manufacturing Co., 125 127 East Falls avenue, Balti- 
more, Md., gasoline apparatus. 

Moore & McFerren, Hoopestown, Ill., cottonwood boxes. 

The Union Can Co., Hoopestown, Ill., tin cans; Buffalo, N. Y., tin 
cans. 

Adriance Machine Works, 252 Van Brunt St., Brooklyn, N. Y., can 

making machinery. 


CANNED GOODS BROKERS. 


Baker & Morgan, Aberdeen, Md. 

N. H. Dudley & Co., cor. Duane and Hudson streets, New York 
city. 

Walter G. Holcombe, 303 California street, San Francisco, Cal. 

M. Morfit, Baltimore, Md. 

T. J. Meehan & Co., 407 Water street, Baltimore, Md. 

H. H. Taylor & Sons, Baltimore, Md. 

J. L. Rowland & Co., Baltimore, Md. 

Wm. H. Nichols & Co., 42 River street, Chicago, III. 

Watson M. Null, 241 S. Front street, Philadelphia, Pa. 
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Wm. G. Bonstedt & Co., 10 S. Front street, Philadelphia, Pa. 
Wm. J. Young, 53 8. Front street, Philadelphia, Pa. 

Thos. Roberts & Co., 116'S. Front street, Philadelphia, Pa. 
Wilson Sherborne & Co., 107 N. Water street, Philadelphia, Pa. 
Wm. Castle, 18 N. Water street, Philadelphia, Pa. 


CANNING FACTORIES OF FRUITS AND VEGETABLES IN THE 
UNITED STATES. 


California: 


Campbell, J. C. Amsley Packing Co. 
San Francisco, Hickmot Asparagus Canning Co. 
San José, J. H. Flickinger & Co. 


Colorado: 


Denver, The Kiiner Pickle Co. 
Longmont, The Empson Packing Co. 


Delaware: 


Bridgeville, H. P. Cannon. 

Camden, Stetson & Ellison. 
Harrington, Fleming & Co. 

Laurel, Geo. W. Stradley. 

Milford, David Reis. 

Rising Sun, Farmer’s Preserving Co. 
Seaford, Greenabaum [Gros. 

Seaford, Ross Bros. 

Smyrna, John H. Hoffnicker. 
Woodside, 8. H. Derby & Co. 


Illinois: 
Bloomington, Bloomington Canning Co. 
Elgin, Elgin Packing Co. 
Kureka, Dickinson & Co. 
Hoopestown, Illinois Canning Co. 


Indiana: 


Cayuga, N.S. Martz. 

Eaton, Indiana Packing Co. 

Greenwood, J. T. Polk. 

Muncie, Crampton-Tohey Canning Co. 
19 
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Indiana—Continued. 


Muncie, Magic Packing Co. 
New Castle, Blue River Canning Co. 
Sellersburg, Silver Creek Canning Co. 


Iowa: 
Fort Madison, Fort Madison Canning Co. 
Waverly, The Kelly Canning Co. 


Maine: 
Brunswick, Baxter Bros. Co. 
Farmington, C. 8. Dingley & Co. 
Jonesport, Jonesport Packing Co. 
Lubec, Eureka Packing Co. 
North Lubec, Lubec Packing Co. 
Portland, Portland Packing Co. 
Portland, The Twitchell-Chaplin Co. 


Maryland: 
Baltimore, W. W. Boyer & Co. 
Baltimore, The John Boyle Co. 
Baltimore, Gibbs Preserving Co. 
Baltimore, W. Grech & Co. 
Baltimore, S. M. Lawder & Sons Co. 
Baltimore, H. J. McGrath & Co. 
Baltimore, Thos. J. Meyer & Co. 
Baltimore, Wm. Numsen & Sons. 
Baltimore, The Sterling Packing Co. 
Baltimore, The Martin Wagner Co. 
Baltimore, Moore & Brady. 
Bethlehem, R. M. Messick. 


Buckeystown, The Buckeystown Packing Co. 


Cambridge, Ivey L. Leonard Packing Co. 
Kaston, Hubbard & Bro. 
Frederick, Monocacy Canning Co. 
Goldsboro, Robt. Jarrell. 
Greensboro, F. P. Roe & Bro. 
Havre de Grace, H. A. Osborn. 
Hillsboro, Stewart & Jarrell. 
Perryman, John W. Bay & Co. 
Ridge Summit, Emmond Bros. 
Union Mills, B. F. Shriver & Co. 
Westminster, B. F. Shriver & Co. 
Westminster, Smith Yingling & Co. 
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Michigan: 


Adrian, Adrian Packing Co. 

Benton Harbor, Alden Canning Co. 

Kalamazoo, The Dunkle Celery and Preserving Co. 
Dowagiac, Dowagiac Canning Co. 


New Jersey: 


Bridgeton, B. S. Ayars. 
Freehold, Jos. Brakeley. 
Greenwich, Watson Bros & Co. 
Salem, Hiles & Hilliard. 

Salem, Stam & Bro. 

Salem, Mrs. J. W. Lippencott. 
Sharpstown, Kerrison M. Davies. 
Stevens, Frederick Cooper. 


New York: 


Buffalo, Erie Preserving Co. 

Buffalo, The United States Canning Co. 
Clyde,. Dwight Hemmingway. 

East Rush, Genesee Valley Preserving Co. 
Fairport, Howard Thomas Co. 

Fredonia, Fredonia Canning and Manufacturing Co. 
xeneva, Geneva Preserving Co. 

Geneva, Torrey Park Preserving Co. 

New York City, Romain & Co. 

Rochester, Curtice Brothers. 

Rome, Clinton Canning Co. 

Rome, Fort Stanwix Canning Co. 
Syracuse, H. C. Hemmingway & Co. 
Taberg, A. V. Lane. 

Verona, Empire State Canning Co. 
Verona, Fred Merry. 

Westernville, Mohawk Valley Canning Co. 
Williamstown, J. J. & F. White. 


Ohio: 


Ashville, Sciota Canning Co. 

Beach City, The Trescott Packing Co. 
Canton, Canton Canning Co. 
Circleville, C. E. Sears & Co. 
Cleveland, Cleveland Canning Co. 
Dayton, North Dayton Packing Co. 
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Ohio—Continued. 


Pleasant Hill, Pleasant Hill Canning Co. 
West Alexandria, Gem Canning Co. 


Pennsylvania: 


Delta, J. S. Whiteford. 

Girard, Hamilton Bros. 

Hanover, Winnebrenner & Co. 

Littlestown, B. F. Shriver & Co. 

McCall’s Ferry, E. W. Urey & Co. 

North East, The North East Preserving Co. 
Philadelphia, Wm. F. Beck. 

Philadelphia, Pennsylvania Packing and Provision Co. 
Philadelphia, Selser Bros. Co. 

Pleasant Grove, E. M. Haines. 

Shamokin, Shamokin Packing Co. 
Stewartstown, J. B. Gable. 

Stewartstown, J. M. Jordan. 

York, York Packing Co. 

York, John H. Thomas. 


Wisconsin: 


Manitowoc, A. Landreth Co. 
Manitowoc, East Wisconsin Canning Co. 
Sun Prairie, Sun Prairie Canning Co. 
Two Rivers, E. J. Vodra Canning Co. 
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BACTERIA OF THE SOIL IN THEIR RELATION 
TO AGRICULTURE. 


BY FREDERICK D. CHESTER, Bacteriologist, Delaware Agricultural Experiment Station 


The bacteria of the soil bear a most important relation to the nu- 
trition of plants. If a soil be heated to a temperature sufficient to 
destroy its bacterial life, the growth of plants will be maintained 
therein only up to the point of the exhaustion of its easily soluble 
and assimilable plant food, at the end of which time they will die 
of starvation. The reason for this is that new plant food can no 
longer be elaborated since the agents concerned in the latter process 
are wanting. Should this condition of sterility of the soil continue 
it can no longer produce crops, and were this condition universal the 
world would become a barren waste. 

In every soil a series of complete chemical changes are taking 
place, due to the activities of soil organisms. These changes involve 
the digestion of crude plant food whereby an otherwise useless con- 
stituent of the soil is put into such a state that it can be absorbed 
by the plant. Digestion, therefore, implies the rendering soluble of 
an otherwise insoluble substance. 

Nutrition whether applied to animals or plants implies three dis- 
tinct processes; digestion, absorption and assimilation. Digestion 
is the rendering soluble; absorption is the taking up of the soluble 
products, while assimilation is the elaboration of new tissues from 
the absorbed products. 

Substances to be absorbed must be so changed that they will dis- 
solve in the fluids of the organisms, which in the case of an animal, 
is the blood or lymph, and of the plant, its juices. 

Starch taken as food is insoluble in the fluids of the body; it 
therefore cannot be absorbed until it is converted into a soluble 
sugar A morsel of lean meat is insoluble, however fine its state of 
division, hence before it can be absorbed it must be converted during 
digestion into a soluble pepton. 

What is true of the crude elements of animal food is equally true 
of the crude plant food of the soil. Thus the granule of mineral 
matter, the bit of bone in a fertilizer, the shred of dried blood or 
other animal matter, the top and root of the clover turned under— 
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all these and many other forms of crude plant food are in themselves 

-of no use to the plant until the elements therein are put into such a 
shape as to be taken up into the juices of the plant through the 
absorbing rootlets. Furthermore, as we have intimated, this work 
of digesting the crude plant food of the soil is continually being car- 
ried on by myriads of microscopic organisms present in every normal 
soi]. Through their agency nourishment is gradually and continual- 
ly being supplied to growing crops as rapidly as their needs demand, 
and there results a beautiful and wonderful relationship and balance 
between the life of the highest and lowest of the plant creation. The 
one is dependent upon the other, and independently neither can nor- 
mally exist. 

Such is the general relationship existing between soil micro-organ- 
isms and plant growth. 

We are thus led to understand the importance of the study of Soil 
Bacteriology to general agriculture. The more detailed exposition 
of the subject, together with the relation of its principles to practice. 
will be outlined in the pages which follow. 


I. THE ELEMENTS AND SOURCES OF PLANT FOOD. 


Ninety-three to ninety-six per cent. of the dry weight of agricul- 
tural plants is organic matter, and is composed mainly of the four 
elements: carbon, hydrogen, oxygen and nitrogen. The remainder is 
inorganic or mineral matter which is recovered for the most part in 
the ash when the plant is burned. 

The elements found in the organic portion occur in approximate 
proportions as follows: Carbon 45 per cent., oxygen 49 per cent. 
hydrogen 6 per cent. Besides these, nitrogen may exist in amounts 
varying from 0.5 to 1.0 per cent. of the whole. 

The green parts of all plants, but particularly the leaves, in- 
hale and exhale atmospheric air. In the latter is ordinarily con- 
tained about four parts of carbon-dioxide for every 10,000 parts of air. 
Carbon-dioxide is composed of the elements carbon and oxygen in the 
proportion of one part of the former to two of the latter. It is this 
compound which furnishes to the plant all of the carbon and a por- 
tion of the oxygen. 

The roots absorb water, and conduct it to the stem, whence it is 
carried to the leaves. Water contains the elements hydrogen and 
oxygen in the proportion of two parts of the former to one of the 
latter. Water furnishes all of the hydrogen and a portion of the 
oxygen. In other words, the two compounds, carbon dioxide and 
water, are brought together in the leaves and a chemical reaction 
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between the two takes place, under the action of sunlight, by which 
these elements are combined in such a way as to produce starch. 

Starch therefore accumulates in the leaf as a result of this process 
known as assimilation. 

The various changes which the starch undergoes, and the manner 
in which it contributes to the nutrition of the plant, is a matter be- 
yond the limits of our subject. But suffice it to say that 98 per cent. 
of the organic portion of the plant is manufactured by the process 
here indicated, so that it may be said that in the main the plant gets 
its food from the air and from pure water. But these elements alone 
will not suffice to maintain plant life; in fact no plant can grow 
without that vital substance within its cells known as protoplasm. 

Plants grow by a multiplication of their cells, and cells empty 
of protoplasm-are dead. 

Protoplasm, besides containing the elements, carbon, hydrogen and 
oxygen, also contains about 16 per cent. of nitrogen, Most agri- 
cultural plants also contain in their dry water-free state from one- 
half to two per cent. of nitrogen in the form of proteids, 

Plants obtain their nitrogen mainly from the soil, and so import- 
ant is this element to their growth that a soil may be said to be rich 
or poor as its contents is high or low in nitrogen. In fact the prob- 
lem of agriculture to-day is to supply to the soil an abundant store 
of this essential element. 

The nitrogen of the soil is, in the main, stored away in its humus 
content, hence soils rich in humus are also rich in nitrogen. Thus it 
is nitrogen which the agriculturist seeks when he migrates to the 
prairie loams rich in humus, or when he reclaims the forest to possess 
a virgin soil. In fact it is the nitrogen problem with which the 
soil bacteriologist is more concerned than with any other, and its 
importance and bearings will be made more apparent as we proceed. 

As has been intimated, from four to seven per cent. of the dry 
weight of the plant is composed of inorganic or mineral matter. In 
this portion we recognize, as most important, potash, soda, magnesia, 
lime, iron, phosphoric acid, sulphuric acid, chlorine and silica. 

These occur usually in abundance in all soils, although not always 
in an available form; in fact many of them exist in an insoluble state 
and need first to be digested or rendered soluble before they can be 
absorbed by the plant. 

Soil bacteriology is partly concerned with those processes in the 
soil by which stores of mineral food are unlocked to growing crops. 
But to understand these processes in full it will be necessary to con- 
sider for a moment the question of the origin of soils, and thus trace 
each step in the operation. 
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II. SOILS, THEIR NATURE AND ORIGIN. 


Rocks form the solid crust of the earth. These when brought under 
the influence ef the atmosphere, frost and percolating waters, etc., 
are broken and disintegrated, forming a layer of loose materials con- 
stituting the soil. The nature of these disintegrations and their re- 
sulting products vary with each mineral, and hence the character 
of the soil is largely dependent upon the mineral composition of the 
underlying rocks. 

Let us take as an example a region underlaid by some rock of the 
granite family, such as is found under a considerable portion of 
southeastern Pennsylvania. Such rock will contain the following 
minerals: Quartz, orthoclase feldspar, plagioclase feldspar, biotite, 
hornblende, and accessory apatite and magnetite. The composition 
of these several minerals will be represented in the following table: 


Table I. 


SSS SSS SS SSS SS SS SSS SS SS SSE 


Name of Mineral. Chemical Composition. 


[ 
mM - odsogntocaoonocoes Silica. 
Onthoclase nicl. jacicisiccisicis + do. Alumina. | Potash. 
RIAEIOCIASO ie ciciscicieccielcies do. do. Lime. | Soda. | 
ST Otibe setae letels cisinieiic(ciieeine do. do. do. Magnesia. 
Hornblende, ............. do. | do. do. | do. Iron. 
PATIRELECS TTeicletele sicrcie is sicteie sisie do. Phesphoric 
| acid. 
Mg enetites ccccicccces cscs | do. | 
| 


From the table it is seen that in the granite rock under consider- 
ation most of the mineral elements necessary to plant growth exist, 
hence a soil formed from its decay will contain the basis of fertility. 

The process by which this rock becomes converted into soil is some- 
thing as follows: The orthoclase, the plagioclase, the biotite and 
the hornblende in the above list are compounds of silica and alum- 
ina, various alkalies and earthy materials as potash, soda, magnesia, 
lime and iron. These latter compounds are slowly dissolved out of 
their respective minerals by surface waters, rain and atmospheric 
moisture, more or less charged with carbonic, nitrous, nitric and 
various organic acids until there is left behind only the silica and 
alumina, which combined with water form clay. The hard minerals 
just mentioned, bound together into a rocky mass are thus converted 
into a soft plastic material. The quartz on the other hand, remains 
undecomposed, but its grains are set free by the disintegration of the 
other minerals, and there results more or less sand, which, mixed 
with the cluy, tends to loosen the latter and give it the character of 
an arable soil. It is not to be understood that all of the above min- 
erals undergo dissolution uniformily. The feldspars begin to dis- 
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‘ntegrate first, the hornblende next, while the biotite mica remains 
for a long time unaffected. Thus there results a clay, the final pro- 
duct of the disintegration, mixed with quartz particles, or sand, to- 
gether with fragments of undecomposed rock of greater or less size, 
giving the soil its open, porous or even stony character, so common in 
regions underlaid by the ancient crystalline rocks. 

Besides the direct chemical actions already enumerated, other 
factors in soil formation of a physical nature might be mentioned. 
These are the expansion and contraction of rock masses; frost and 
freezing water; plant roots forcing their way into rocky crevices; 
beating and scouring rain; all tending to disintegrate the rocky cov- 
ering of the earth and to open it more thoroughly to the subtle action 
of meteoric waters. 

Another type of soils are those formed from the disintegration of 
limestones. Limestones are impure mixtures of carbonate of lime 
with various proportions of sand and clay. In the disintegration 
the great bulk of the carbonate of lime is leached out, and the insolu- 
ble sand and clay are left as the final product. Thus a limestone 
composed of 75 per cent. of carbonate of lime, may when converted 
into soil contain only a trace of the original carbonate. This resi- 
dual soil is however more or less rich in the mineral elements of plant 
food while the as yet undecomposed particles in the residual sand, 
by continued disintegration, add new food materials to growing 
plants. 

Sandstones undergo disintegration by the solution in meteoric 
waters of the materials which bind together individual grains. In 
this way the component sand particles are loosened, together with 
clay, which is generally an important constituent of most sand- 
stones. 

Whatever may be the character of the rock or of its contained 
minerals the process is the same, i. e., the dissolving out by means of 
percolating waters of the elements of plant food contained within the 
minerals. These percolating waters are furthermore made active 
solvents in the disintegration of rock through the acid products 
which they contain, which in turn are produced by the decay of or- 
ganic matter through the agency of micro-organisms. Of the acid 
products the most active in this regard is carbon dioxide, which is 
the final product of the decomposition by bacteria of organic mat- 
rer. 

The chemical union between the carbon dioxide in percolating 
waters and the potash soda lime and magnesia in the minerals, re- 
- sults in the formation of carbonates and bi-carbonates of these bases, 
which being soluble, are in a large measure carried away in solution 
so that the residual soil contains but a certain proportion of these 
original stores of agricultural wealth. This loss of mineral plant 


310 ANNVAL REPORT OF THE Off. Doc. 


food is illustrated in the following table, in which in the first column 
are given the percentages of lime magnesia potash and soda in au 
original gneiss rock, and in the second column the quantities of the 
same present in the residual soil, 


Maimbe 1( CaO). ie stein sea a eke h act she yw otc ie element era Eee 4.44 Trace 
Marmesia’ (Mor): Wenn os case cats: Cee 1.06 0.40 
Potash CK 20). fe crschivct. tart ot ose ctstabbeusts cae Pome 4.25 i Ea Kt) 
Soda (Nai) saees. tes ta cise dt obat cckee ae the ene 2.42 0.22 


The question might here be asked why are not all of these elements 
of plant food entirely leached from the soil, and in what form are 
these residual materials held. In most soils a portion of them are 
locked up in the form of undecomposed mineral particles and frag- 
ments of rock, and it is the continued decomposition of these latter 
which furnish fresh stores of available plant food. 

Another important chemical process going on in the soil is the 
formation of so called zeolitic compounds. As the alkalies, such as 
soda and potash, are dissolved out of the minerals by carbonated 
waters the carbonates thus formed possess a certain solvent action 
upon silica. This dissolved or gelatinous silica combines with the 
alkalies, resulting in the formation of zeolites. These secondary 
zeolites thus fix as it were the alkalies, notably potash, which might 
otherwise be leached from the soil. Furthermore, the especial affin- 
ity which potash has for zeolites fixes this, the most important of 
mineral nutriments, above all others. Thus if a zeolite be composed 
of silica and soda or of silica and lime, the potash in preference will 
enter into combination with the silica and the less valuable soda or 
lime will be set free. 

Zeolites differ from the more insoluble silicates found in rock- 
forming minerals in the fact that they are readily decomposed by acid 

soil waters, thus setting free to plants their valuable nutrients. 


Ill. THE SIGNIFICANCE OF SOIL BACTERIA. 


Active and Potential Fertility of the Soil. 


Since the different chemical changes taking place in soils, by which 
plant food is elaborated and rendered available, are in large meas- 
ures the result of bacterial action, it is assumed that the larger their 
numbers, up to certain limits, the greater must be the rate of elabora- : 
tion of plant food. 

This is instanced by the fact that soils which are under active 
fertilization and cultivation, and which in the popular sense are con- 
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sidered fertile, are relatively high in bacteria as compared with those 
in the opposite condition. 

In this we must distinguish danas een active and potential fertility. 

A soil is actively fertile when plant food is being elaborated 
therein at a greater rate than required by the maximum demand of 
growing crops. 

Such soils not merely contain an abundance of crude plant food, 
but the latter is being actively digested. 

Such soils are, furthermore, always high in bacteria, showing that 
the latter are functionating vigorously under conditions most favor- 
able to them. 

A soil is potentially fertile when it is rich in plant food, but owing 
to unfavorable conditions or environment the soil bacteria are dor- 
mant, and thus either cease to digest plant food or do it so inactively 
as to fail to keep up with the demand of growing crops. 

Thus forest and woodland soil are rich in humus and other crude 
plant food, but owing to their usually acid condition, as well as to 
their compacted state, the bacteria therein are able to develop but 
slowly, and but little available plant food is elaborated. Such 
soils are low in bacteria; but let this virgin forest soil be brought 
under active cultivation, especially if its acidity be corrected at the 
same time by means of a liberal dressing of lime, conditions favorable 
to bacterial life are at once created, the number of bacteria rises, and 
an actively fertile soil is the consequence. 

Old pasture lands and permanent meadows possess potential 
rather than active fertility. In such soils the number of bacteria is 
relatively low, and plant food is but slowly digested. But such lands 
are at once converted into an actively fertile condition when brought 
under cultivation or when other means to stimulate bacterial life in 
the soil are utilized. 

It is the function of the agriculturist to understand how poten- 
tial can be converted into active fertility; in other words how land 
rich in crude plant food can be made large producer of crops. 

An average of the results of 49 analyses of typical soils of the 
United States showed per acre for the first eight inches of surface 
soil 2,600 pounds of nitrogen, 4,800 pounds of phosphoric acid and 
13,460 pounds of potash. The average yield of wheat in the United 
States is 14 bushels per acre. Such a crop will remove 29.7 pounds 
of nitrogen, 9.5 pounds of phosphoric acid and 13.7 pounds of potash. 
Now if all of the potential nitrogen, phosphoric acid and potash could 
be rendered available there is present in such an average soil, in the 
first 8 inches, enough nitrogen to last 90, enough phosphoric acid for 
500 and enough potash for 1,000 years. 

This is what is meant by potential fertility, and yet such a soil 
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possessing this same high potential fertility, may, under certain con- 
ditions, be so actually barren of results to the farmer as to lead him 
to believe it absolutely devoid of plant food. 

A soil at Rothamsted, England, which has been successively crop- 
ped to grain for 50 years without the addition of manure, and which 
consequently had become exhausted especially in available phos- 
phoric acid, still contained a total of 2,880 pounds of phosphoric acid 
per acre in the first foot of surface, 

Of this only 72 pounds per acre was soluble in a one per cent. 
citric acid solution. In other words, a soil which contained enough 
total phosphoric acid to support a wheat crop for 300 years, had, as a 
result of 50 years successive cropping, its store of available phos- 
phoric acid so reduced as to leave a supply sufficient to last only be- 
tween seven and eight years. This case is typical of thousands of 
others, and is illustrative of what is meant by soil exhaustion. It 
consists in using up original supplies of available plant food at a 
greater rate than they are being manufactured in the soil. Most of 
the older lands of the Atlantic seaboard which have been regarded 
as “worn-out” and exhausted are in much the same condition. Never- 
theless they still contain large stores of unavailable plant food, which 
it only requires the application of modern agricultural practice to 
unlock. In other words, soils still potentially fertile must be made 
actively so, and since soils potentially fertile are low and those ac- 
tively fertile high in bacteria, it would appear that one of the primary 
requisites of active fertility is to fulfil those conditions of the soil 
which favor the best development of bacterial life therein. 

Numbers of bacteria in soils thus become an index of active fer- 
tality. 


IV. METHODS OF DETERMINING THE NUMBER OF BAC- 
TERIA IN SOILS. 


1. Drawing the soil sample. The determination of the number of 
bacteria in the soil of a given area involves an elaborate and careful 
preparation of the sample. 

Studies at the Delaware Experiment Station have shown that the 
numbers vary considerably within rather narrow horizontal ranges, 
and thus to obtain an average sample, representative of an entire 
field, implies the collection and mixing of a large number of smaller 
samples. For most studies it will be sufficient to collect the first 
nine or twelve inches of soil, and for this a wood auger one inch in 
diameter is very satisfactory. 

To preserve the boring intact a device such as is shown in Fig. 


Fic. 1.—Apparatus for drawing soil samples. 
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I, is used. It consists of a circular plate of copper, six inches in 
diameter, in the centre of which is a circular hole, one and a fourth 
inches in diameter, from which rises at right angles to the plate a 
copper tube of the same diameter and twelve inches long. The 
ground where the boring is to be made is cleared of all vegetation 
and the copper plate set firmly and held in place by both feet. 
The auger is then inserted into the copper tube, which should stand 
vertical to the ground surface, and the auger turned until the re- 
quired depth is reached, as determined by graduations on the stem of 
the auger. The auger is then drawn gently from the ground and 
into the copper tube until the core of earth is enclosed in the latter, 
and thus kept intact. The earth is then emptied on a sheet of clean 
paper. 

In getting an average sample for an entire field, borings should be 
' taken along two intersecting lines diagonally across a field at in- 
tervals of ten or twenty feet according to the size of the plot. These 
separate borings are emptied into a clean box until the work is fin- 
ished. The collected soil is then sifted through a No. 10 sieve, reduc- 
ing the lumps but discarding stones and gravel. The sifted soil is 
then very thoroughly mixed, and from this a sample of about two 
pounds is taken to the laboratory. 

The latter sample is sifted through a brass sieve of a one-milli- 
meter mesh, and any lumps or coarse particles are reduced in a mor- 
tar until the entire sample has been made to pass the meshes of the 
sieve. The whole is then very thoroughly mixed and from this a 
small sample of about twenty grams is taken. This is then sifted 
through a 0.5 millimeter brass sieve which has been made sterile in 
a bath of boiling water, and dried over the bare flame of a bunsen 
burner. Any lumps or coarse particles which do not readily pass the 
sieve are rubbed in a sterile mortar until the last portion has passed. 
The siftings are then thoroughly mixed, transferred to a sterile test- 
tube and tightly corked. 

2. Making the analysis. In a weighed glass-stoppered weighing- 
bottle approximately 0.5 a gram of the sample is placed, and the 
exact weight determined. The soil sample is transferred to a small 
sterile mortar and with a small quantity of sterile water rubbed to 
a fine mud, after which the last trace of soil in the weighing-bottle 
is transferred to the mortar by washing with sterile water. 

The supernatant muddy water in the mortar is then transferred to 
a 100 ¢c. c. flask containing sterile water; more water is added and 
the residue triturated; again transferred to the flask, and the opera- 
tion continued until all of the soil in a finely divided state has been 
washed into the flask. The latter is then filled to the 100 c. c. mark 
with sterile water, and the contents vigorously shaken for exactly 
two minutes. One c. c. of this turbid water is then transferred to a 
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second 100 ¢. ¢. flask, and filled to the mark with sterile water, 
shaken for one minute, and 1 ce. c. of the dilution transferred to a tube 
of melted gelatin (5 c. c. in each tube), the latter gently rocked, and 
the contents poured inte a Petri dish. The gelatin is made to solidify 
rapidly on a cold plate, and then placed in a cold water incubator 
for four days. At the end of this time the number of colonies on 
the plate are counted. 

The result of the analyses are expressed in number of bacteria per 
gram of dry soil, hence it becomes necessary to know the percentage 
of moisture in the sample. For this a given weight of soil from the 
same tube is taken, and dried for three hours at 100° C., and from this 
the percentage of dry matter in the sample is calculated. 

It is evident that in the mixing of the soil with water in the two 100 
c. c. flasks there is in the 1 c. c. taken for the plate culture a one 
ten-thousandth dilution of the original quantity, hence the number 
of colonies on the gelatin plate must be multiplied by 10,000 to get 
the true number in the quantity of moist soil taken. To calculate 
the number per dry gram of soil the following formula is used: 

N’D 
eS ay 
in which N equals the number of bacteria per gram of dry soil, N’ 
the number of colonies on the gelatin plate, P the percentage of dry 
matter in the sample, D the dilution of the soil sample (in most cases 
10,000), and W the weight of the moist soil taken for bacteriological 
analysis 


N 


V. THE NUMBER AND DISTRIBUTION OF SOIL BACTERIA. 


In the superficial portion of ordinary cultivated soil the number 
of bacteria varies from several hundred thousand to several millions 
per gram of dry soil. The following list will show the range of vari- 
ation as observed by different authors: 


1. Park ‘Montsouri,’Paris' (Miquel 1879) ee tse... 700,000 
2.Santly soil: (Adametz, 1886),2 2205...) 3) eae 300,000 
Se OLAV ESOM, 33:25) bes" euksde whe siete torciate wince cL akeeeme mene 500,000 
4, Orchard, Potsdam (Fraenkel, 1887),* ......... 31,000 to 218,000 
5. Soil of grain fields (Caron, 1895),°......... 937,000 to 1,600,000 
6. Pear orchard, Del. Expt. Sta., ground under high 

state of cultivation (Chester, 1901),° ......... 2,200,000 
7. Land in permanent grass for over 12 years, New- 

ark; Del (Chester! 1901)s°s tines 2 ieee 425,000 


8. Land in grass for four years, Newark, Del. (Ches- 
LEP ALG OU) OE BS ATG Ie AND BOIS Ae sac neetemee 425,000 
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9. Land, Newark, Del., under active cultivation aur- 
ing summer, now in crimson clover (Chester, 


ec OsN ee te irgee ears Terabavaton es at cferaastevele apts suelo eee 1,880,060 

10. Soil from the center of a strip of woodland, New- 
ake Dela (CHester QOL) Cer p< tatty «6; nce serene 70,000 

11. A family vegetable garden, Newark, Del. Rich 
in humus and actively cultivated,’ ............ 1,816,000 


The preceding table, except No. 10, represents agricultural soils. 
In special instances the number may rise much higher, particularly 
in soils in the immediate vicinity of dwellings and stables. Accord- 
ing to Manfredi,?1 the number of bacteria in the dust of the streets 
of Naples varied from 1,000,000 to 10,000,000 per gram, and even 
higher. Maggiora?? gives figures as high as 78,000,000 for the num- 
ber of bacteria per gram of soil in certain inhabited spots. 

Adametz in 1886,? Fraenkel in 1887, and Caron’ in 1895, showed 
that the maximum number of bacteria were not found at the surface 
but at a depth of from nine to eighteen inches beneath the same. 

In 1887 Fraenkel* showed that at a depth of from thirty to sixty 
inches there was a rapid and abrupt diminution of the number of 
germs from 200,000 at twenty inches, to 2,000 at thirty-nine inches, 
while at a depth of five feet no living germs were obtained. These 
results are not altogether in accord with results obtained by the 
writer in Delaware, which show that the maximum number of bac- 
teria occurs in the first six inches of soil, below which they diminish 
at a very rapid rate, until at twenty-four inches only about one-five- 
hundredth of the number at the surface exist. Furthermore, it was 
found that the highest numbers exist not at the surface, but at a 
depth of about four inches below the same. In the following figure 
2 is shown the rapid decline in the number of bacteria in the soil as 
the depth increases, determined at the Delaware station. 


VI. CONDITIONS AFFECTING THE NUMBER OF BACTERIA 
IN THE SOIL. 


The observations of Maggiora in 1887 have shown (1) that the num- 
ber of germs in desert and forest soil is much smaller, other things 
being equal, than jn cultivated lands; (2) that the number is propor- 
tionate to the activity of cultivation and the strength of fertilizers 
used, and (8) that light sandy soils contain fewer germs than those 
rich in clay and especially those rich in humus. 

_ These results are in accord with those given in the preceding 
table, which show (1) the very low number present in woodland 
soil, (2) the very high number present in soils under active cultivation 
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and (3) the relatively low number in soils covered with sod. The 
reason for these differences is apparent. Woodland soils, although 
rich in humus, are usually too acid for the best development of bac- 
teria therein. Pasture lands, or lands for a long time in sod, are too 
compacted or imperfectly aerated. Most soil bacteria develop best 
in the liberal presence of atmospheric air, hence the opening up of 
such soils by tillage to the action of the atmosphere is essential be- 
fore the best development of bacteria can take place. Pasture lands 
also have a tendency to become acid, a condition unfavorable to bac- 
terial development. 

In the studies at the Delaware Station, the highest numbers of bac- 
teria were always found in soil which had been under active culti- 
vation, especially when liberally supplied with humus, either by plow- 
ing under of green crops or by the use of stable manure. Thus in soil 
No. 6, of the preceding list, where the number of bacteria was 2,200,- 
000 per gram, the latter had been enriched by repeated crops of crim- 
son clover plowed under, accompanied by active tillage. Soil No. 11, 
a vegetable garden, had annual dressings of stable manure for a 
series of years, and had also been under constant tillage. The 
value of stable manure in increasing the number of bacteria in the 
soil has been shown by Miquel,? who found that after the applica- 
tion of this fertilizer the number of bacteria in the soil was increased 
from 700,000 ‘to 900,000 per gram. 

It may therefore be stated as a general principle that the com- 
bined effect of high manuring and cultivation ts to decidedly increase 
the number of bacteria in the soil, thus in turn setting free an in- 
creased quantity of available plant food. 


Soil Bacteria in Their Relation to Atmospheric 
Oxygen. 


It has been stated that the great majority of soil bacteria develop 
best in the presence of atmospheric oxygen. Bacteria differ as re- 
gards their relation to this important element, and thus it has been 
the custom to divide them into three classes, (1) obligate aerobes, or 
those which do not grow except in the presence of oxygen; (2) anae- 
robes or those which grow only with the complete exclusion of oxy- 
gen, and (8) facultative anaerobes or those which are indifferent to 
the presence or absence of this gas. In recent times it has been rec- 
ognized that no such sharp lines as these can be drawn; on the 
other hand these different classes merge into one another by indis- 
tinct stages of gradation. 

A bacterium may, in a measure, show the ability to grow with the 
partial or complete exclusion of atmospheric oxygen, but it grows 
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Fic. 2.—Showing number of Bacteria in different depths of soil. 
Experiment Station Grounds, Newark, Delaware, September 21, 1901. 
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Fic. 3.—A showing wrobic growth, and B anzrobic 


growth of bacteria in gelatin stab cultures. 
Fic. 4.—A showing erobic, and B anerobic growth 


of bacteria in glucose 1 ouillon in fermentation tubes. 
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less vigorously than when air is freely admitted; in this case the ten- 
dency is towards an anaerobic habit, but such a habit may not be 
fixed, and it may be changed in a measure by cultural conditions 
under the control of the bacteriologist. That is, an organism which 
has a slight anaerobic habit can be made to grow more and more 
freely with the exclusion of atmospheric oxygen. The relation of 
bacteria to atmospheric oxygen may manifest itself in a number of 
ways. 

Thus if a fine sterile platinum needle be dipped into a bacterial 
culture, so that its surface becomes covered with a particular germ, 
and if this contaminated needle be then stabbed into a tube con- 
taining solid nutrient gelatin, a medium in which bacteria grow 
readily, the latter are, so far as food material is concerned, free to 
grow at all points along the line of stab, and their development 
is only limited by their ability to grow in the presence or absence 
of atmospheric oxygen. If growth takes place as well in the depth of 
the medium, where air is excluded, as it does at the surface where air 
is abundantly present, such an organism is clearly indifferent to its 
atmospheric environment. If on the other hand no growth takes 
place in the depth of the gelatin, but only on the surface, the organ- 
ism would be aerobic in habit, as shown in Fig. 3 A, or again if the 
growth be confined to the deeper portion of the line of inoculation 
with no growth at the surface, the organism would show the op- 
osite or anaerobic habit, Fig. 3 B. Between these extremes there 
wili in different bacteria be seen to be a wide range of variation. In 
the different soil bacteria so far studied there was but little tendency 
for them to grow in the depth of the gelatin, practically all of the 
growth taking place at the surface, thus showing the generally aere 
bic habit of the great majority of them. 

Another valuable method of demonstrating the relation of an or. 
ganism to atmospheric oxygen is by means of a culture in a fermen- 
tation tube, seen in Fig. 4, containing beef broth to which two per 
cent. by weight of grape sugar has been added. In the fermentation 
tube it is noticed that one end of the same is open and exposed to 
the air while the other is closed and excluded from the air. If 
bacteria are disseminated throughout the broth in the tube, they 
will be free to develop in either arm as they find atmospheric oxy- 
gen favorable or unfavorable to their growth. Thus if the growth is 
confined to the open arm of the tube the organism concerned is 
aerobic, Fig. 4 A, and if confined exclusively to the closed arm, Fig. 
4 B, anaerobic in habit, while if an equal amount of growth takes 
place in both arms it is indifferent to atmospheric oxygen and is con- 
sequently facultative anaerobic in habit. 

Of ten of the most common soil bacteria recently studied by the 
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writer, eight of them grew only in the open end of the fermentation 
tube, thus showing, in addition to the character of the growth in 
gelatin stab cultures, their distinctly aerobic habit. 

In Fig. 4 A, is shown a culture in a fermentation tube to which 
was added 1 ¢c. c. of a watery infusion of soil from the Delaware Sta- 
tion experimental grounds. In this 1 ¢. c. of infusion, something like 
10,000 bacteria were introduced, out of the total of 1,000,000 present 
in the same, or one out of every hundred. It is therefore reasonable 
to assume that in this way at least the most important and predom- 
inating bacteria were introduced. As a result it is seen that all of 
the growth is confined to the open end of the tube. //ence we may 
believe that at least the predominating bacteria.of this soil were dis- 
tinctly aerobic in habit. 


2. The Relation of Bacteria to Moisture. 


One of the primary requisites of bacterial growth is the presence 
of moisture. If a soil becomes perfectly dry, not only do bacteria 
cease to multiply therein, but a Jarge proportion of them die. It is 
the organic and in a slight measure, the inorganic materials in solu- 
tion in the soil moisture which supply food for bacteria, hence the 
maintenance of soil moisture is one of the essential requisites for 
bacterial development. In short, those moisture conditions which are 
most favorable to the plant are likewise equally favorable to the 
bacteria of the soil. A free and uniform distribution of soil moisture 
is furthermore essential to a uniform distribution of bacteria, and 
hence to the active elaboration of plant food in all parts of the soil. 
It is clear that when the soil becomes dry to a considerable depth 
bacteria cease to develop and with it the digestion of plant food 
ceases; hence the maintenance of soil moisture by proper methods 
is important. 


3. Relation of Soil Bacteria to Organic Matter and Humus 
in the Soil. 


Inasmuch as organic matter and humus furnish food for soil 
hacteria it might be presumed that the greater the amount of such 
materials present the greater would be the number of bacteria and 
hence the greater the amount of plant food digested. Such is the case 
only within limits. If asolution be prepared containing one per cent. 
by weight of beef pepton, and be seeded with a soil organism capable 
of converting the pepton into ammonia and other decomposition 
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products, a vigorous growth will take place, and a relatively large 
amount of decomposition products will be quickly formed; but 
soon active growth will cease, and that before the full amount of the 
original pepton has been completely decomposed. In short, the 
organism has been either killed or its energies have been paralyzed 
by the products of its own growth, which in this case have been pro- 
duced in relatively large amount in the more concentrated solution. 
If on the other hand a solution be prepared containing only the one- 
hundredth of one per cent. of pepton, and be seeded with the same 
organism, growth in the latter medium will be relatively slow, with 
a correspondingly slow development of ammonia; but the decom- 
position wili continue until all of the pepton has been decomposed. 
Furthermore, the activity of the decomposition will be as great at 
the end as at the beginning of the process, showing that the vitality 
of the organism has not been impared. This is doubtless because 
in the diJute solution the toxic products are not sufficiently concen- 
trated to injure the life of the micro-organisms. 

What is true here would be equally true of the state of concen- 
tration of the organic matter in the soil. If the latter be present 
in excessive quantity bacterial development will proceed for a time 
at an excessive rate, but soon products injurious to their best de- 
velopment will be produced. There is, therefore, a limit to the 
aunount of humus which a soil should contain. 

In forest and woodland soils the amount of humus in the surface 
layer islarge. In such soils organic acids are generated in quantities 
too large for the best development of bacteria, and hence, as is found 
to be the case, the number of bacteria is low. 

It has been shown that nitrification practically ceases in forest 
soils, due doubtless to the fact that the nitrifying bacteria, more 
than any other, are injured by high acidity and excessive humus. 

The only condition. which renders possible the addition of large 
stores of humus to the soil is subsequent tillage, which so stimulates 
bacterial growth as to lead to the destruction of organic acids, or to 
the production of ammonia, which neutralizes them. ence when 
a crop of clover or other legume is plowed under it is best followed 
by a cultivated or hoed crop. 


4, The Relation of Soil Acidity to the Number of Soil 
Bacteria. 


It is important to know the conditions of the soil which are most 
favorable to the rapid development of soil bacteria. Among these 
nothing is so important as to maintain a proper reaction of the soil. 
Acid soils are infertile because soil bacteria, which are digesters of 
piant food, cannot grow therein. We say that lime when applied to 
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land, among other benefits, assists in the decomposition of organic 
matter. This is true only indirectly. The lime neutralizes the acid- 
ity of the soil and renders it a more favorable medium for the develop- 
ment of those bacteria which are the true agents in the decomposi- 
tion. 

In determining the number of bacteria in soils it is necessary to 
use a medium the reaction of which is such that the maximum num- 
ber will develop. Thus from a given dilution of a soil with water 
an average of seveaty-two colonies developed in neutral gelatin, 
while with the presence of 0.25 per cent. of free alkali an average of 
thirty-four colonies developed, and with .07 per cent, of free hy- 
drochloric acid an average of only one colony developed. Increas- 
ing quantities of citric acid added to the medium had the same 
retarding action, showing that with a distinctly acid condition of the 
medium but few soil bacteria would grow. 

Of the different species of bacteria isolated by the writer from 
soils, none grew in a medium containing one-tenth of one per cent. 
of free hydrochloric acid, and either not at all or only feebly in one 
containing one-half of this acidity. All, however, grew in neutral 
media or in those feebly alkaline. A marked excess of caustic al- 
kalies in the medium, approaching .02 to .03 per cent., had a retarding 
action on the growth of the bacteria, but where the less caustic 
bases like lime were added a considerable excess proved favorable. 

The valuable results from lime added to neutral gelatin media is 
shown in the following table, in which is given the number of colonies 
developing in media containing different amounts of milk of lime, 
seeded with the same quantity of a one-ten-thousandths dilution of 
a soil infusion: 


Table II. 
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The valuable results from the use of lime seem to depend partly on 
the fact that it stimulates the development of soil bacteria. This was 
shown in certain pot experiments conducted by the writer. 

Pots were filled with soil to which was added an equal quantity of 
clean gray stream sand. 

To pots one and two nothing was added. 

To pots three and four was added lime at the rate of 1,000 lbs. per 
acre. 

To pots five and six was added lime at the rate of 2,000 lbs. per 
acre. 

To pots seven and eight was added lime at the rate of 4,000 lbs, per 
acre, 

The number of bacteria per dry gram of soil in each pot was de- 
termined at the beginning of the experiment, and again seven weeks 
later. 

The results are shown in the following table: 


Taples Eur, 


Number of Bacteria Per Gram of 
Dry Soil. 


' 
ro 
@ 
® 
a 
~ . 
Pot. No. an 
3 = 
N z 
e 2 
es 3 
Sis od 
Pye z 
2e & 
ao . 
+2 D 
< 77 


TT rr ee 


The preceding experiment has been repeated with the same result, 
sufficient to demonstrate the value of lime, at least in the type of 
soils under consideration, in increasing the number of bacteria 
therein. 
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VII. THE CHEMICAL CHANGES PRODUCED BY BACTERIA 
IN THE SOIL. 


THE ELABORATION OF PLANT Foon. 


The processes going on in the soil by which plant food in its crude 
state is prepared for the use of the growing crop are two, (1) the 
decay of organic matter and (2) the disintegration and disolution of 
mineral matter. They will be accordingly considered in turn. 


1. The Decay of Organic Matter. 


Organic matter, whether of animal or vegetable origin, when 
freshly incorporated with the soil, undergoes a partial and incomplete 
process of decay resulting in the production of a dark material known 
as humus. 

The amount of humus in soils may vary from one per cent. in the 
soils of the arid region of the West to as high as five per cent. in 
black prairie loams. 

The original supply of humus in virgin soils becomes a constant 
source of plant food through its slow but constant decay. Long 
continued cropping and tillage produces in time, however, a “burning- 
out,” which means that the humus content of the soil is being 
gradually reduced. Thus according to Snyder,$a virgin soil with 
four per cent. of humus will, after twenty years of grain cropping, 
show a reduction to 2.5 per cent. of the same material. 


2. Forms of Organic Matter in the Soil. 


Organic matter becomes incorporated with the soil largely in the 
form of vegetable materials such as fallen leaves, sticks, seeds, 
straw, stubble, sod, the roots of various plants, green crops turned 
under, ete. 

Such vegetable matter of whatever kind is composed of a frame- 
work of cells constituting its woody portion. The material constitu- 
ting the walls of these cells is, for want of a better term, designated 
as cellulose, since the latter substance in one form or another pre- 
dominates. Within the cavities of the cells, partially or completely 
filling them, may be found certain organic substances of which the 
most important are: (1) proteid matter, including protoplasm, proteid 
granules, aleurone and gluten; (2) carbohydrates, including starch, 
grape sugar, cane sugar, vegetable mucilage, gums; (8) fats and oils. 
Besides these are small quantities of a great variety of other sub- 
stances, as glucosides, tannin, alkaloids, essential oils, resins, bal- 
sams, turpentine, coloring matter, etc. Notwithstanding the great va- 
riety of plant products, the principal materials, forming practically 
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me entire bulk of plant structures, are included under the heads 
(1) cellulose, (2) proteid matter, (3) carbohydrates and (4) fats and oils. 
The decomposition of these several materials in the soil will be con- 
sidered each in turn, 


3. The Decomposition of Cellulose or Vegetable Fibre. 


That straw and bits of woody fibre become soft and finally disap- 
pear as such when incorporated with the soil is a fact of common 
observation. Leaves and stems when mingled with earth rapidly 
Jose their structural characteristics and become converted into a 
shapeless mass of mould. The log or stump under the action of bio- 
logical and chemical agents decays more slowly, but eventually looses 
its structure and becomes converted into a brownish pulverent de- 
bris. 

These changes involve the fermentation of cellulose or vegetable 
fibre, and are of special interest. The walls of vegetable cells are 
composed of matter more or less complex in character; but since 
cellulose in one form or another constitutes the basal portion of all 
cell walls, it has been common to refer to them as composed of this 
substance. But more accurately speaking cellulose is now under- 
stood to include a large class of plant constituents. 

These latter may be grouped under two heads: (1) the celluloses 
and (2) the pectoses. The walls of different cells differ in the rela- 
tive proportion of these two classes of bodies. Thus the walls of 
cells which constitute so called succulent or parenchyma tissue are 
relatively rich in pectoses. This is particularly marked in the flesh 
of fruits. Cellulose differs in its properties and ability to undergo 
fermentative changes. In the latter respect cotton fibres are the 
most resistant and the cellulose of seeds the least so, while that 
found in the fundamental tissue of the higher plants occupies an in- 
termediate position. With the difference in the constitution of the 
cell walls of plants there results a marked divergence in their ability 
to undergo fermentative changes, and also a difference in the pro- 
ducts of such fermentation. For this reason the fermentative de- 
composition of cellulose becomes an extremely complex phenomenon. 

The dissolution of cellulose is brought about by the action of a fer- 
ment or enzyme known as cytase. 

In 1886, DeBary,’ found in the fungus Peziza sclerotiorum a sub- 
stance which possesses the property of causing cell walls to swell, 
become gelatinous, and in a measure to dissolve. Two years later 
H .Marshall Ward,” found that a similar ferment was secreted by & 
species of Botrytis, commonly associated with the soft rot of a num- 
ber of cultivated plants. 

In his study of the latter, the author observed minute drops ex- 
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uding from the filaments of the fungus, and in this exuding fluid was 
found a ferment in concentrated form, possessing the power when 
coming in contact with cell walls of softening and dissolving them. 
It was also observed that the ferment acted differently on different 
portions of the cell wall, and that its action was first upon the mid- 
dle portion, or what is technically known as the mzddle lamella. This 
was followed by a swelling of the remainder of the wall, and by the 
appearance of distinct stratifications, which dissolve one by one in 
turn. In the swelling of the cell walls the latter assume a semi- 
mucilaginous consistency which has the effect of softening the entire 
tissue. Thus plants attacked by cytase secreting fungi, such as the 
ones named, undergo a species of soft rot. 

In addition to the preceding observations Kean and Arthur” have 
recently shown that the fungus Rhizopus nigricans also secretes a 
cellulose dissolving enzyme. This latter fungus is a common cause 
of a soft rot of the sweet potato, a result in accord with the proper- 
ties of the fungus. It is, furthermore, probable that a large variety 
of fungi associated with the soft rots of fleshy fruits and roots, pos- 
sess the same property of secreting cellulose enzymes. 

A number of the higher toad-stools and shelf-fungi, are associated 
with dry rot of timber, in which process the hard wood becomes 
converted into a brown pulverent mass. This disintegration is af- 
fected, it is now believed, through the ability of these several fungi 
to produce enzymes capable of softening and in a measure at least of 
dissolving cellulose or woody tissue. 

Besides the fungi proper, certain bacteria have been shown to pos- 
sess the ability to ferment cellulose. Thus as early as 1850, Mitsch- 
erlich” made the observation that cellulose could become soluble by 
fermentation. In the fermentation of the potato for instance he 
found the cell walls dissolved, and associated with this change he 
noted the presence of a species of Bacterium. In 1875, Popff® 
noted the relation between the degree of fermentation of cellulose 
and the development of certain gases, as carbon dioxide (CO,) and 
marsh gas (CH,). Later, in 1879, Van Tieghem showed by experi- 
ment that a solution of cellulose was effected through the action 
cf a micro-organism related to Bacillus amylobacter. During the 
change, hydrogen gas was generated, also an acid, whose presence 
gradually hindered the fermentation process. Van Tieghem’s ob- 
servations that the fermentation of cellulose was due to the latter 
B. amylobacter was confirmed by Hoppe-Seyler® in 1886. 

This fermentation as originally shown by Popff, and later by 
FHroppe-Seyler and Schlésing, was accompanied by the vigorous evo- 
lution of carbon dioxide and marsh gas, and took place in the ab- 
sence of air. 
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The process consisted probably in an hydration of the cellulose, 
and its conversion into dextrose or a related body, and the subse- 
quent fermentation of this secondary product as shown by the fol- 
lowing formulae: 


Gee wae Ost EEO. iy Ceti. Os 
Gy. His’ Os — 5 CO F3 CH: 


In 1890, Von Senus** showed that the fermentation of cellulose was 
not due to the action of B. amylobacter alone, but to its concurrent 
action with other organisms. In 1895, Omélianski” announced the 
discovery of a bacillus capable of fermenting pure cellulose, which 
he obtained from slime and soil rich in vegetable matte’. 

In the experiments of the author filter paper or c ton, repre- 
senting cellulose in its purest form, was immersed ins solution con- 
taining sulphate of ammonia, pepton and asparagir and into this 
culture medium the organism was introduced. Thc beginning of 
the fermentation was shown by the liberation of gas in from 6 to 
10 days. An examination of the filter paper in from 3 weeks to a 
month showed an advanced stage of decomposition, and in from 34 
to 5 months 79 per cent. of the cellulose had been destroyed. The 
products of the fermentation were found to be carbon dioxide, hydro- 
gen, volatile organic acids and minute quantities of the higher al- 
cohols. 

Whether bacilli identical with 4. amylobacter of Van Tieghem, 
or the Bacillus of Omélianski, are found in all soils is a matter yet 
to be determined, but it is believed that organisms with similar 
functions are present in abundance. Furthermore, whether these 
bacteria decompose cellulose through their ability to secrete en- 
zymes has also to be determined. DeBary in referring to B. amy- 
lobacter says it decomposes cellulose forming dextrin and glucose, 
and that it does so by disengaging an enzyme. 

Although the experimental proof of this is lacking it is probable 
that the assumption is true. 

Baccillus mesentericus-vulgatus, a common soil species, has been 
shown by Vignal:s to secrete a cytase which dissolves the middle 
lamella of vegetable cells. 

There is therefore every reason to believe that numerous organ- 
isms capable of fermenting cellulose exist in soil, and that they act 
upon cellulose, like the higher fungi, through their ability to produce 
cytase. 

The action of cytase upon cellulose is to incite a chemical union 
of water with cellulose, a process known as hydrolysis, and is an 
action similar to that which takes place when cellulose is boiled in 
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dilute acids. It consists in the conversion of the cellulose into 
some form of sugar, which differs with the forms of cellulose acted 
upon. These different forms of sugar are glucose, mannose, galac- 
tose, zylese and arabinose. 

The pectoses, which have been found also to be important constitu- 
ents of the cell wall, are under the action of cytase converted into 
reducing sugars. The different forms of sugar are then acted upon 
by other ferments and converted into organic acids. 

This explains the common tendency of soils rich in vegetable mat- 
ter to become acid, unless continued cultivation stimulates bacterial 
growth sufficient to decompose these less readily decomposable or- 
ganic acids into their final gaseous products, carbon dioxide and 
marsh gas. 

It has already been noted that all of the constituents of cell walls 
do not undergo dissolution equally. Hence when vegetable fibre 
undergoes fermentation in the soil there remains a residue which 
for a longer time withstands the action of these ferments. This lat- 
ter constitutes the great bulk of that heterogeneous material which 
is called humus. Humus is, therefore, in the main, the product of the 
incomplete decomposition of vegetable fibre. 


4. The Fermentation of Carbohydrates. 


The carbohydrates in vegetable tissues exist mainly in the form of 
starch and sugar. In crops ordinarily used for green manuring they 
constitute between 40 and 50 per cent. of the dry weight of the plant. 
Starch is the most abundant carbohydrate of green crops, but sugar 
exists in small amounts, usually a fraction of a per cent. However, 
in fleshy roots, fruits, and in special cases, it may run much higher, 
reaching a maximum in the beet and sugar-cane of 15 per cent. 

Sugar exists in different vegetable tissues in three forms: as cane 
sugar or saccharose, grape sugar or dextrose and ‘fruit sugar or 
levulose. In animal tissues and fluids the carbohydrates exist: as 
glycogen, a modified starch, as dextrose, and in milk as milk sugar 
or lactose. 

Bacteria play an important role in the fermentation of carbohy- 
drate, and those concerned in these processes are abundantly 
present in all soils. The great majority of bacteria when growing in 
media containing grape sugar, milk sugar or cane sugar produce 
therein greater or less quantities of organic acids accompanied in 
some cases by the evolution of gas. 

These acids are lactic, acetic, butyric, formic, propionic, valerianic 
and succinic. When milk sours, lactic acid is produced at the ex- 
pense of the milk sugar by certain bacteria normally present in the 
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tluid. Fruit juices and infusions undergo an apparently spontaneous 
fermentation, the sugar being converted into alcohol through the 
agency of the yeast plant, wiih the subsequent conversion of the 
alcohol into acetic acid. 

Many bacteria are, however, capable of directly converting sugar 
into one or more of the organic acids, without the intervention of 
alcohol; in fact, it may be said that the ability to convert sugar into 
one or more of the organic acids is almost a universal property of 
bacteria, although they vary among themselves as regards kinds and 
quantities of acids produced. 

In order to better understand the fermentation of the different 
carbohydrate constituents of plants, it will be best to consider them 
in turn. 

(a) The Conversion of Starch into Sugar. When seeds germinate, 
a marked change takes place, the most notable of which is an altera- 
tiou and an eventual solution of the starch granules which fill the 
cells. In proportion as the starch disappears there is a correspond- 
ing increase in sugar. In the preparation of malt frombarley thesame 
change takes place. The barley grains are allowed to sprout under 
favorable conditions of heat and moisture, during which a consider- 
able proportion of the insoluble starch is converted into a soluble 
sugar. Ifa quantity of this malt be steeped in water, especially if 
the malt be macerated to a pulp, the greater portion of the sugar, a 
part of the soluble starch and dextrine bodies and other extractive 
matter pass into solution. If a portion of this extract of malt be al- 
lowed to act upon starch it will be found to possess the power of con- 
verting the starch into sugar. Furthermore, if several volumes of 
strong alcohol be added toa volume of the malt extract a whitish pre- 
cipitate will be thrown down, which can be collected on a filter and 
redissolved in a small quantity of water. If now this watery solu- 
_ Uon be allowed to again act upon starch, it will be found to possess 
properties identical with that cf the simple infusion. 

Malt extract, therefore, contains a substance which is precipitated 
by alcohol and which has the power of converting starch into sugar. 
This substance is called diastase or amylase. 

Diastase has an important function in relation to the nutrition of 
plants. Plant food exists largely in the form of.starch, but which 
in this shape is of no use, since it is insoluble and therefore incapable 
of being carried in solution to growing parts; in short, the starchy 
food of the seed must be digested before it is available, and this di- 
gestion is effected through the agency of diastase. Similarly, starch 
is formed in the leaves and other green organs of the plant, but be- 
fore it can be utilized as food it must be converted into sugar. To 
effect this change diastase is present in all leaves and organs where 
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starch is being elaborated. Many trees store up during the winter 
reserve material in the form of starch which becomes food for un- 
folding buds on the advent of spring. Thus Desbarres” found in the 
young wood of hus elegans 17.81 per cent. of starch during the 
winter and only 1.57 in the spring. 

The sugar maple yields in the early spring a sweetish sap which is 
produced from the reserve starch accumulated in the wood during 
the preceding fall. 

Many roots and tubers are notable for their large content of 
starch, which, in all biennial plants, serves as food for a second 
season’s growth. When potatoes sprout they draw largely upon the 
starch of the tuber, and with the elongation of the sprouts we note 
a dimunition of the starch and an increase of sugar. With this there 
is an accumulation of diastase in the tuber at the points where the 
sprouts originate, 

In refering to the fermentation of cellulose, it was stated that it is 
a commen function of many enzymes, of which diastase is one, to ef- 
fect the hydration of certain organic substances, or their union with 
water. 

The hydration, or conversion of starch into sugar, is a complex pro- 
cess, not as yet altogether understood, but the two products of the 
change are evidently maltose and dextrin. It can perhaps be ex- 
pressed according to Musculus?* by the following: 


2 Cre Hea Ov H: O Cre He Ou Cr He Ov 
SSS ap 


starch water maltose dextrin 


Dextrin, which is a residual product of the partial hydration of 
starch does not, however, remain as such, but is eventually converted 
into maltose. 

When vegetable materials are incorporated with the soil, it is not 
likely that bacteria play a very important role in the conversion of 
this contained starch into sugar. On the other hand the change is 
likely brought about by diastases normally present in the plants 
themselves, and the greater part of this transformation is effected 
before bacteria have time to reach the starchy materials within the 
cells. Thus in the decomposition of vegetable matter in the soil, 
much at least of the fermentation of starch is a process quite inde- 
pendent of the action of bacterial life. This does not indicate, how- 
ever, that certain bacteria and fungi are not capable of effecting this 
change, in fact Fermi has shown that a considerable number of bac- 
teria secrete diastatic enzymes, notably, Bacillus megatherium, 
Bacillus, ms nt riu-vng us and B cillus subtilis, forms com- 
monly present in the soil; and it is likely that a residual portion of 
unchanged starch may be acted upon by such organisms, though this 
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statement will require experimental proof. It is also kuown that cer- 
tain common moulds, for example, Pennicilium glaucum, Aspergil- 
lus niger and Erotium oryzae, possess the power of converting starch 
into sugar. 

As already mentioned, the action of diastase upon starch consists 
in its conversion into maltose and dextrin, but maltose has only a 
temporary existence in the animal and plant organism, since it is 
acted upon by another enzyme known as glucase, which further 
hydrolyses the maltose converting it into glucose. Thus glucose 
is the final product of the fermentation of starch. 

Glucase is present in the digestive fluids of the human body. It 
has been found in corn and malt, and in several species of fungi. 
That it probably exists in association with diastase in plant tissues is 
made probable by the fact that maltose as such is unable to nourish 
growing cells. 

(b) The Inversion of Cane Sugar.—When a solution of cane sugar is 
boiled with a dilute acid it undergoes an hydrolysis by which it is 
converted into glucose and levuleve according to the equation: 

Cru He Ou H:O Cs He OF Cs He Os 
a ay eRe =f 
cane sugar water glucose levulose 


That the same change can be effected through the agency of an 
enzyme has been known ever since the latter was first isolated from 
yeast in 1860 by Berthelot. This enzyme is known is énvertin. It 
has also been found in the intestinal juices of man and a number 
of animals, and from various parts of plants as leaves, seeds, roots 
and floral organs. 

Cane sugar is found often in considerable amounts in plant tis- 
sues, and yet as such it is of no direct use as a plant nutrient, but 
must first be digested or converted into glucose. Thus the beet 
may contain 15 per cent. of cane sugar. When, however, the latter is 
drawn upon for the production of flowers and seeds during the second 
year’s growth it has been noted that its content of cane sugar gradu- 
ally diminishes and glucose takes its place, the latter being traced 
in its ascent from the root to the developing leaves and flowers. 
Thus the presence of cane sugar in the plant implies the existence 
at the same time of invertin. The first step therefore in the fermen- 
tation of cane sugar is its conversion into glucose through the agency 
of its associated ¢nvertin. 

This change like the action of diastase is also one which takes place 
in the soil independent, in a large measure at least, of bacterial 
action. 

According to Fermi?! and Montesano the production of invertin 
enzymes by bacteria is uncommon, although certain prevalent soil 
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species, such as Bacillus megatherium, Bacillus fluorescens-liquefa- 
ciens and Bacillus vulgaris, are known to produce them. 

The action of invertin is favored by the presence of small amounts 
of acid; it is therefore likely that in the acid fermentation of plant 
tissues and the normal presence of invertin ferments there is every 
condition favorable for the conversion of all the cane sugar into 
glucose independent of the action of bacteria or other micro-organ- 
isms. 

(ce) The Fermentation of Glucose—From the foregoing statement 
it has been seen that all of the carbohydrates mentioned are eventu- 
ally converted into glucose mainly through the action of enzymes. 
It is in this form that they are supplied to the various soil organ- 
isms. Through their agency glucose is converted into the various 
organic acids, into one or more of the alcohols, with or without the 
evolution of gas in the form of carbon dioxide and hydrogen. 

The great majority of bacteria possess greater or Jess power of 
producing one or more of the organic acids from glucose, although 
much work has yet to be done in determining the kinds of acids pro- 
duced by different species. The following table shows the products 
of the fermentation of glucose by a number of common bacteria: 


Bacillus acidi-lactici—acetic and lactic acids, traces of alcohol and 
gas. 

Bacillus aerogenes—acetic, lactic and succinic acids, alcohol, car- 
bon dioxide and hydrogen. 

Bacillus typhosus—lactic acid. 

Bacillus coli—acetic, formic and lactic acids. 

Bacillus prodigiosus—formic and succinic acids. , 

Bacillus butyricus Botkin—acetic, butyric, formic, propionic, lac- 
tic, and succinic acids; butyl and ethyl alcohol, carbon dioxide and 
hydrogen. 

Bacillus amylozyma Perdrix—acetic and butyric acids, carbon 
dioxide and hydrogen. 

Cholera Micospira—lactic acid. 

Micrococcus pyogenes—lactic and valerianic acids. 

Streptococcus pyogenes—lactic and volatile organic acids. 


The organic acids produced by the fermentation of glucose tend 
to combine with any free base in the soil such as lime, soda, potash, 
and, in a measure, to decompose carbonates. But where this base is 
not present in sufficient quantity the free acids accumulate and the 
sci) becomes sour. Under active cultivation, however, the acids and 
their salts undergo a still further fermentation whereby they are con- 
verted into carbon dioxide and marsh gas (CH,). 

Thus cultivation has a tendency to overcome acidity by stimulating 
the growth of those bacteria which destroy organic acids. 
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(d) The Action of Oxidizing Enzymes in the Fermentation of Veg- 
etable Matter. 


It is a common phenomenon that where grass or green hay is made 
into’a pile the interior will begin to ferment, and with this there 
will be a considerable rise of temperature. A similar process goes 
on in the manure heap, and another when green fodder is packed in 
the silo. 

In the silo the temperature in the center of the fermenting mass 
may rise as high as 150 degrees F. With this fermentation there isa 
considerable loss of organic matter which may vary from 4 to 40 per 
cent. The temperature as well as the loss of material in the silo 
is dependent upon the amount of air, or more properly the oxygen 
present, and this depends upon the looseness or density of the pack- 
ing. The change is manifestly one of combustion due to the ab- 
sorption of oxygen, and the products of this change are the same 
as those evolved in any other combustive process, i. e., carbon 
dioxide and water. Furthermore, the amount of carbon dioxide 
evolved is a measure of the degree of combustion and of the organic 
matter consumed, as well as of the heat produced. 

Formerly it was supposed that the fermentation of silage was due 
to the agency of bacteria, but now it is believed te be simply an ex- 
pression of the vital energies of the plant cells. All vital energy 
manifests itself in the production of heat; this heat is the result of 
oxidation, or the actual burning or destruction of a portion of the 
vital substance. Yeast when massed into a heap shows a rise of 
temperature due to its vital energies. This rise takes place only 
in the presence of oxygen or air, and in a vacuum no such increase 
of temperature occurs. The germination of seed is accompanied 
by a rise of temperature, and oxygen is necessary to the process. 

The animal body gives off heat and the air we breathe is the 
draught for this ever consuming fire within, while the carbon dioxide 
exhaled is a measure of the rapidity of this combustion process. 

In a similar manner plants evolve heat and their substance is, in a 
measure, Oxidized or burned to supply this heat, a portion of which is 
converted into the vital energies of the plant. 

Respiration is the breathing-in of air.and the breathing-out of 
the gaseous products of combustion. This takes place in both 
animals and plants, ond heat is the result. Hence when green vege- 
table matter composed of living cells is massed together these pro- 
cesses of respiration will continue for a time, and heat is the re- 
sult. When such matter is massed together the heat evolved can 
not readily escape, and a considerable elevation of temperature is the 
result. 
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But the question may be asked, what causes the oxygen of the air 
to combine with the elements of organic matter whereby this com- 
bustion is affected. Under ordinary conditions oxygen has no af- 
finity for organic carbon. Something must be present to stimulate 
this combination. 

We have already found how water is made to combine with certain 
organic compounds through the agency of special enzymes, so in ac- 
cordance with this it has recently been shown that a number of oxy- 
dation processes can be effected through the agency of another class 
of enzymes known as oxydases. 

It has been already noted that yeast when in mass developes a 
rise of temperature, and it has generally been assumed that this is 
due to the respiratory activities of the cells, but it has recently been 
shown that there can be extracted from the yeast cells, independent 
of the cells themselves, a substance which has the power of oxidizing 
glycogen with a perceptible increase of temperature. 

Thus it appears not to be the vital protoplasm of the cell but some 
substance which can be extracted therefrom which possesses the 
power of oxidizing organic matter with the production of heat. This 
active substance is an oxidizing enzyme. 

It is now quite generally believed that oxidizing enzymes are 
quite generally distributed throughout vegetable tissues, and that 
they occur dissolved within the fluids of the cells. 

In the presence of oxygen they cause a union of the latter with 
carbon, carbon dioxide being evolved. Thus it may be considered 
at least a working hypothesis that all processes of respiration are as- 
sociated with the activities of oxidizing enzymes. 

When green fodder is cut and placed in the silo, cells previously 
protected from the air are exposed, and the combined action of the air 
and the liberated oxidizing enzymes results in a rapid oxidation with 
loss of substance. 

When fruits are cut open their exposed surfaces turn dark, due to 
the combined action of contained oxidizing enzymes and the atmos- 
phere. 

Besides the ordinary gaseous products of oxidation, it has been 
shown that oxidizing enzymes may produce certain by-products, 
notably the organic acids. Thus ensilage may become sour without 
a trace of bacterial fermentation. 

Fresh olives when placed in heaps ferment. With this there is 
an increase of temperature, a liberation of carbon dioxide, and the 
formation of acetic and other fatty acids. Talomei shows this fer- 
mentation to be due to a special oxidizing enzyme which he called 
olease. 

When green crops are plowed under their tissues continue to 
undergo an oxidation or respiratory process similar to that which 
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takes place in silage. The carbohydrates are mainly attacked with a 
certain loss of substance, the evolution of carbon dioxide and prob- 
ably the production of organic acids. This process, however, does 
not continue long but is succeeded by the ordinary bacterial fermenta- 
tion already stated. 


5. The Decomposition of Proteid Matter. 


Proteid matter is a valuable source of plant food because of its 
contained nitrogen. This nitrogen before it can be easily assimilated 
by the plant must be converted into the condition of nitrate. The 
stages leading up to the production of nitrates are: 

Ist. Putrefaction or the conversion of proteid matter into am- 
monia (ammonification). 

2d. The oxydation of ammonia to nitrites, the first stage of nitrifi- 
cation, and, 

3d. The oxidation of nitrites to nitrates, the final stage of nitrifi- 
cation. 

These processes will be considered in turn. 


(a) Putrefaction and Ammonification. 


Liebig® and the older investigators considered putrefaction a 
chemical process, the final products of which were carbon dioxide, 
water and ammonia. 

In 1837 v. Schwann made the important discovery that fermenta- 
tion and putrefaction germs were invariably found in the atmos- 
phere, and it was left to Pasteur and his co-laborers to demonstrate 
finally that putrefaction was due to the agency of micro-organisms. 

Since the early discoveries of Pasteur it has been shown that a 
great variety af bacteria found in soil, water and organically pol- 
luted fiuids are capable of effecting the decomposition of albuminous 
or proteid matter. 

The first step in the change is the conversion of insoluble pro- 
teids into soluble peptones, a process similar to that which takes 
place in the stomach. The liquefaction, or as it is called, the pep- 
tonization of proteids is effected through the ability of the bacteria 
to secrete an enzyme of the nature of animal tryps¢n, All bacteria 
which liquefy gelatin have peptonizing properties to a greater or 
less degree, and hence the power of converting proteids into pep- 
tenes. Liquefying bacteria are abundantly present in all soils, hence 
the vital agencies are there at work which cause a rapid peptoniza- 
tion of all proteid bodies. 

The next step in the process is the conversion of peptones into 
-amido-acids and basic amines. 

21 
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The following is a list, after Rideal,“ of the amido acids which 
have been found as products of the putrefaction of proteids: 


Name. Constitution. | Formula, | Products of Further Decomposition. 

Glycocin, ....| Amido-acetic, ...... C Hz. (N H.)C OO48, | Ammonia and acetic acid. 

Leucin, ..... Amido-isocaproie,.. (coc a ISI soonddocs Ammonia and isocaproic acid. 

Tyrosin, ..... B-oxyphenol-amido | ie Hz CgH, (OH), ....J | Indol, phenol and skatol. 

propionic, CH, (NH.2) COOHj 

Aspartic, ...| Amido-succinic, ...)//C Hz2C OOH, ........ Ammonia -and malic acid, then 
|L\CH (N H2) COOH) succinic. 

Asparagin, .| Amido-succinamic,.|){C Hz CO(N Hg), ....J | Ammonia and malic acid, then 
i\l\CH (NH2) COOH succinic. 

Glutamic, .. | ---ccccescccsceceveccece feat (ONPSt)  Sooscooc Ammonia and probably succinic 

E: | CIOSOTH eewccccats oes acid, 


The amido acids are next decomposed into ammonia and organic 
acids as shown in the last column of the above table. Tyrosin 
breaks into indol, phenol and skatol. 

Of the basic products of putrefaction we have non-volatile bases 
known as ptomaines and leucomaines, produced in minute quanti- 
ties, and certain volatile bases such as monomethylamine and tri- 
methylamine. These latter basic products by further decomposi- 
tion are converted into ammonia. 

From the preceding it is seen that the final products of putrefac- 
tive fermentation are ammonia and organic acids. Naturally the 
organic acids will combine with the ammonia to form salts, but these 
salts will undergo a still further change in which the acid is con- 
verted into carbon dioxide, hydrogen and marsh gas. The two latter 
escape while the carbon dioxide combines with the ammonia to form 
carbonate of ammonia. This completes the process, the proteid 
matter resolving itself into two gases, hydrogen and marsh gas, 
with a solid residium in the form of ammonium carbonate. 

Theoretically this is true, but in reality there remains as a “by- 
product” of these reactions, as Rideal puts it, “a varying but small 
quantity of dark pulverent matter resembling the humus or peaty 
substances of soil.” 

In addition to this it is known that under certain conditions of ex- 
clusion of air, and of the development of the more strongly anae- 
robic bacteria, a certain amount of the nitrogen escapes in the free 
state before it is converted into ammonia. While this takes place in 
putrefying fluids such as sewage it probably does not occur to any 
appreciable degree in soils. 

According to Sommaruga, aerobic bacteria growing in non-sac- 
charine nutrient media always form an alkali from albuminous 
bodies. These alkaline bodies so far as known are either ammonia 
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or amides, which in part become converted into ammonia. Thus 
it may be said that ammonia production is almost a universal func- 
tion of bacteria. 

In the following table is shown the production of ammonia by 
several common species of soil bacteria grown in beef broth at room 
temperature: 


Table III. 
Milligrams of NHs per100 | BES 
c. c. of Culture produced in) 6586 
eo fo} 
off 
hae 
. ao 
un Her 
> oad 
A 3 A 5 ies 
n uo) id o 7 cs 
2 P d | wage 
i] % 1s) SHED 
I 2 be) S528 
o be ors 
B 5 r= bass 
un cm H Ay 
IBACLENIUM aI V.COIGEB em ee ccieciels'elcic cicicinieiersieleiciele(ersielereleieieiele’erclsielcreisiele(eie - 9.18 20.06 45.50 21.9 
Bacillus subtilis, ....... Moliciciee ote nalce cine ieitinnalen mciiotis ception 6.46 18.35 46.20 21.4 
Bacillus pulvinatus— 
Variety A, 
Variety B, : 
Bacillus No. 6, ... 
Bacillus No. 7, ... 
IMMIGLOSpPITAy CENUIBS voce ciclescesiacciscvcclesice sclsvicecisesecicicecisicieeses 
Bacterium fermentationis, 


In the above table it is seen that the highest quantity of am- 
monia was produced by Bacterium mycoides and Bacillus subtilis, 
the latter organism converting 24.4 per cent. of the total nitrogen 
of the medium into ammonia in thirty days. Both of these species 
are abundantly and constantly present in soils, and are important 
factors in the ammonification of organic matter. 

It is also noted that there is a marked difference in the ability of 
the different species studied to produce ammonia, and in the rate of 
its development; one form Jficrospira tenwis producing none after 
a period of thirty days. Complete absence of ammonia production is 
however the exception. 


(b.) Nitrification. 


The subject of nitrification is one which has received a large share 
of attention from scientific men, and the literature thereon is very 
voluminous, extending over a period of twenty-five years. 

In 1871-75, Sir J. H. Gilbert found that the drainage waters from 
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the experimental fields of Rothamsted contained more nitrates as the 
amount of ammonium salts applied to the soil increased. 

In 1878 Messrs. Schlésing and Miintz* laid before the French 
Academy the results of an experiment tending to prove that nitrifica- 
tion was due to the action of an organized ferment. <A glass tube 
one meter long was filled with ignited quartz sand and powdered 
limestone. Through this sewage was passed at intervals. During 
the first twenty days the sewage which passed the filter remained 
unaltered, after which nitric acid began to appear until the filtrate 
no longer contained any ammonium salt, but only nitrates. Thus it 
was shown that active nitrification was going on within the body 
of the filter, and it was suspected that micro-organisms so abund- 
antly present in the same were the active agents of the change. 

To demonstrate this point, chloroform vapor, a well-known germi- 
cide, was passed through the filter; as a result it was found that ten 
days after the introduction of the vapor all nitrates had disappeared, 
and the sewage passed through unchanged. In other words, the 
chloroform vapor had so paralyzed the micro-organisms present as 
to completely check the process of nitrification. 

Messrs. Schlésing and Miintz were, however, unable to isolate any 
specific ferment capable of inducing nitrification, and nothing was 
accomplished toward this end until the year 1886. Celli-Zucco* and 
Heraeus” at this time succeeded in isolating from water rich in 
nitrates a number of forms of bacteria, which, however, only pos- 
sessed very feeble nitrifying properties. 

Frank™ simultaneously with the latter attempted a similar isola- 
tion of the nitrifying organism, but without result, and concluded 
that nitrification was not due to the direct action of bacteria, but 
that it was a purely chemical process. This view was opposed by a 
number of writers, notably, Landolt, Platt and Baumann.” 

In 1888-89 Warrington” and also Frankland* studied a large num- 
ber of soil bacteria, but neither was able to find one which produced 
any thing approaching active nitrification. Frankland maintained, 
however, that the nitrifying organism was present, but had not heen 
isolated. 

In 1890 Frankland” succeeded in cultivating a spherical (coceoid) 
organism about 0.8 micromillimeters in diameter, which possessed 
the power of converting ammonium salts into nitrous, but not into 
nitric acid. The separation was by means of the dilution method 
in media containing only inorganic salts. In this the form in ques- 
tion grew most successfully. 

This fact, and other points in the investigation of Frankland, at 
once revealed the important principle that the organism of nitrifica- 
tion does not grow normally in media rich in organic matter, and 
that, therefore, the ordinary method of separation by means of 
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gelatin plates was inapplicable for the isolation of the specific ni- 
trifying agent. 

In the same year an identical principle was discovered and put 
into practice by Winogradsky* who succeeded in separating the nitri- 
fying ferment by using a purely inorganic medium containing: 


Vacer Olmak pZUTICIy Gc s Nelaiee ee’ vee fahete 1000 ce. 
PATEL OWN SUPA CON oiles as y'ey stoi sunel svete =! wis shel cats 1 grm. 
Potassium: phosphate, .2).. 50% Ja... «2 wince sae « 1 grm. 
Basie carbonate Of Magnesia... 2.2/5 oon ikere ss an excess. 


In this solution nitrification became very active, when previously 
inoculated with a small quantity of soil. 

By a long series of fractional cultures one was finally obtained 
which contained but few bacieria except the nitrifying organism. 
From this somewhat impure culture, gelatin plates were made. On 
the principle that the foreign non-nitrifying organisms grow in gela- 
tin while the nitrifying bacteria do not, an indirect method of isola- 
tion was utilized. 

In the portions of the gelatin between the colonies of non-nitri- 
fying bacteria the nitrifying organisms would be liable to be present 
in a pure state, but unable to produce colonies because of uncongenial 
soil. By removing bits of this apparently sterile gelatin a few nitri- 
fying organisms, unmixed with others could be transferred to a favor- 
able solution like the one already given. In this way Winogradsky 
was able to isolate the nitrifying organism. 

Later, in 1891, Warrington,* in a solution containing mineral salts, 
cbtained, after repeated generation, a culture which nitrified vigor- 
ously, and which, by containing no organism which would grow on 
gelatin, was regarded by him as containing only nitrifying bacteria. 
The germ thus obtained was an oval form seldom one micromillimeter 
thick and scarcely longer than broad. 

At this time Winogradsky® made a decided improvement in the 
separation of the nitrifying organism from solutions containing it 
by the use of the Kiihne gelatin silica medium.** The nutrient basis 
of this medium as used by Wirogradsky was composed of: ammo- 
nium sulphate, 0.41 gram, magnesium sulphate, 0.05 grm., potassium 
phosphate, 0.10 grm., sodium carbonate, 0.6-0.9 grm., calcium 
chloride a trace, and water 100 ce. 

The inoculation of the plates took place either by mixing the in- 
oculating material with the above solution before the addition of 
gelatinous silica, or it was made as a streak or smear culture on the 
already hardened material. In this way the nitrifying organisms de- 
veloped distinct colonies from which pure cultures were made. 

The investigations of Winogradsky and simultaneously of War- 
rington showed: 

22—6—1902 


338 ANNUAL REPORT OF THE Off. Doc. 


1. That in the soil the nitrifying process was effected by two dis: 
tinct but closely related organisms; the one converting ammonia into 
nitrous acid and nitrate, and the other changing the nitrites into 
nitrates. 

2. That these two processes follow one another in such rapid suc- 
cession that the production of nitrites is only a transitory phe- 
nomenon, so that if both the nitrite and nitrate organism be added 
to sterilized soil the process is completed in the natural way, only the 
merest traces of nitrous acid appearing. 

The nitrate organism of Winogradsky is an oval form about 0.5 
micromillimetres in length. The nitrite germ varies from oval to 
spherical and is about twice the size of the former. See Figs. 5 and 6. 

If to a mineral solution containing ammonium salts, a pure cul- 
ture of nitrite ferment be added, only nitrites will be formed, and 
these will remain unchanged in the absence of the second nitric fer- 
ment. If, however, the two organisms be added simultaneously, 
nitrates will be rapidly formed. 

In 1892, Winogradsky” studied the nitrifying organisms of soil, © 
from a number of different localities. Those from several parts of 
Europe, from Africa, and from Japan, which he considers to be the 
same organism, he names Vitromonas europea; a second form 
from Java soil, differing from the first he names V. javenensis. 
Botb of these comprise the nitrite ferments of Winogradsky; the 
second nitrate ferment was isolated by Winogradsky from Quito soil 
and differs from the first not only as to size, as above mentioned, 
but also by entirely lacking the motility common to the latter. 

The notable researches of Winogradsky have been followed by 
others which have interest from a controversial standpoint. 

In 1895 Burri and Stutzer*® isolated from soil a nitrate organism 
with properties akin to the Quito bacillus of Winogradsky. It was 
a motile organism, 0.75-1.5x0.5 micromillimeters, growing on silica 
plates in definite colonies, but also possessing the power to grow on 
gelatin and to liquefy the medium; said organism according to the 
writer being able to convert nitrites into nitrates, but losing such 
power when grown on organic media. 

The above results of Burri and Stutzer, so contrary to those of 
Winogradsky, brought forth a vigorous rejoinder from the latter. 
In this Winogradsky stated that he tested the same earth used by 
Burri and Stutzer and isolated therefrom his own Nitromonas, and 
that the latter when tested in bouillon, meat pepton, gelatin and 
agar failed to grow. He therefore regards the German work as er- 
roneous. 

In 1897 Stutzer and Hartleb* appeared with a still more startling 
series of discoveries in which they not only maintained the ability of 
the nitrifying organisms to grow in organic media, but also showed 


Fic, 5.—The Nitrite Organism of Winogradsky, 
isolated from Quito earth. Converts ammonium salts 
into nitrites, the first stage of nitrification. (After 
Winogradsky: Ann del’ Institut Pasteur, 1891, Plate 
XVIII. ) 
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Fic 6.—The Nitrate Organism of Winogradsky, 
isolated from Quito earth. Converts nitrites into 
nitrates—the second stage of nitrification. (After Wino- 
gradsky: Ann. de 1’ Institut Pasteur, 1891, Plate 
ava) 
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that the latter possessed a polymorphic habit never before imagined 
in this or any other like group in the whole domain of mycology. 
The ability of simple coccoid or rod-shaped forms to develop into 
filaments or even into branched forms, with the further production of 
true gonidia and other even more highly organized fructification 
bodies, is a species of morphological transcendentalism likely to 
cause skepticism. 

I will not enter into the details of Stutzer and Hartleb’s investi- 
gations, as I think we should await further researches before giving 
them credence. It is easy to believe that the latter’s culture, which 
they claimed to be those of the organism of nitrification, were in 
reality impure, and that in the variable forms described by them they 
were in reality dealing with several distinct organisms instead of one. 

That this seems true is indicated by the investigations of Girtner® 
and Fraenkel* during the present year. 

Gartner discusses the work of Burri, Stutzer and Hartleb on the 
polymorphism of the nitrifying organism, and from presumably pure 
cultures of the latter’s nitrifying ferment was able to isolate thirteen 
different micro-organisms, including a fungus form (Schimmelpilz); 
thus proving their impure character. Furthermore, Girtner showed 
that these several organisms, when once separated in their pure state, 
retained their fixed character, with no tendency to polymorphism, and 
indicated none of those transition stages from bacteria to fungi noted 
by Stutzer. Again none of these isolated organisms possessed the 
power to convert ammonia into nitrites. OC. Fraenkel simultaneously 
isolated from Burri and Stutzer’s cultures II different organisms, 
including 7 bacilli, 2 streptothrices and 2 fungi (a Fadenpilz and a 
Schimmelpilz). These showed no polymorphism, but all retained 
constant characters. 

From what has been written there is reason to believe: 

1. That nitrification in the soil is caused by a distinct or rather by 
two distinct organisms possessing certain definite characters. 

2. That these organisms will not grow in the presence of any con- 
siderable amount of organic matter, and that all reported attempts 
to cultivate them on ordinary organic media are without authentica- 
tion. 

3. That the above nitrifying organisms are found abundantly in 
all cultivated soils, and that in ordinary soil water containing, be- 
sides mineral salts, a due proportion of ammonium carbonate, sul- 
phate, etc., they find a favorable medium for their development. 

4, That the result of such development is: (a) The conversion of 
ammonia into nitrous acids through the agency of the nitrous organ- 
ism; and (b), the immediate conversion of the previous nitrous into 
nitric acid by means of the equally abundant nitric ferment. 

Understanding, therefore, that these two stages of nitrification are 
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due to definite organisms in the soil, the laws which control nitrifica- 
tion are simply the laws which control the life and development of 
said organisms. 

If a soil be wet with a one per mille solution of bichloride of 
mercury, no nitrification can take place; firstly, because the mercury 
compound has destroyed the life of all nitrifying as well as other 
organisms, and secondly, because the presence of such a salt in the 
soil will prohibit the development of all nitrifying ferments which 
come after. 

Again, if a soil be heated above a certain temperature, all nitri- 
fying ferments will be destroyed and nitrification will cease. 

Chloroform, formaldehyde gas, sulphurous acid gas, etc., passed 
through a layer of soil will, on the same principle, prevent further 
nitrification. 

These, however, are all agencies implying the total destruction of 
the nitrifying ferments. In addition to these there are certain con- 
ditions which, while they do not annihilate the life of the nitrifying 
organism, are yet either favorable or unfavorable to their normal 
development. These conditions the agriculturist must understand, 
in order to control the nitrifying process in the soil. 


(c.) Conditions Affecting Nitrification. 
g 


Quantity of Organic Matter or Humus in the Soil. 


It has already been stated that the nitrifying organism will not 
grow in a medium containing any considerable amount of soluble 
organic matter. 

When sewage is applied to land nitrification cannot, therefore, 
begin until after the ordinary putrefying and ammonifying bacteria 
have decomposed much of the organic matter and rendered the soil 
water a fit pabulum for the development of nitrifying ferments. 

In a 12 per cent. solution of urine, according to Warrington,® nitri- 
fication did not begin until about ninety days, and then only after 
447 milligrams of ammonia per litre had been produced by the de- 
composition of the organic matter present. : 

For this reason sewage wien applied to land should be used 
cautiously and not too frequently, otherwise the soil will become so 
rich in soluble organic matter as to hinder nitrification and thus 
render the large accessions of uitrogenous food useless. 

Thus a soil too rich in humus is an unfavorable nitrifying ground 
up to the limit when nitrification ceases. Just what this limit is, is as 
yet unknown. Wiley* mentions a soil from Florida containing over 
80 per cent. of organic matter, and less than 10 per cent. of sand and 
other mineral matter, which was found to be entirely free from nitri- 
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fying ferments. In ordinary arable land, however, the quantity 
of organic matter, or humus, never reaches a height sufficient to 
interfere with the process of nitrification, and hence only in rare ex- 
ceptions does this factor enter into the question of nitrification. 


Aeration and Cultivation. 


The nitrifying ferments are what are technically called aerobic, 
that is, they grow only in the presence of atmospheric air. 

Schlésing® has determined the rate of nitrification in a moist 
soil in an atmosphere containing various proportions of oxygen as 
follows: 

1. When oxygen was entirely absent there was a reduction of 
nitrates and an evolution of free nitrogen. 

2. With 1.5 per cent. of oxygen nitrification was marked. 

3. With 6 per cent. of oxygen the quantity of nitrate produced 
was more than double the above (2). 

4. With 16-24 per cent. of oxygen the quantity of nitrate produced 
was more than four times that in (2). 

The effect of stirring and pulverizing the soil upon the growth of 
crops has long been known, and long before the philosophy of the 
operation itself was in any wise understood. 

Among other reasons why cultivation is beneficial is the fact that 
it aids nitrification by bringing the oxygen of the air into more 
immediate contact with the nitrifying ferments. The effect of stir- 
ring and pulverizing the soil is well shown in an experiment by 
Deheraine.* 

Six pots filled with soil, which had remained undisturbed for two 
years, were selected. Three of the pots had their soil emptied on a 
clean floor in separate piles, and each lot was kept stirred and pul- 
verized from time to time for a period of six weeks. In three of the 
pots the soil remained untouched. At the end of the period the 
nitrates in the several soils were determined, when it was found 
that the average percentage of nitrates in the three stirred and pul- 
verized soils was 23.7 times that found in the soils which had re- 
mained undisturbed in the pots. While it is not presumed that 
ordinary farm cultivation will produce as marked results as the pre- 
ceding experiments indicate, it isynevertheless, clear that the effect of 
cultivation is to markedly increase nitrification, and in a ratio pro- 
portionate to its thoroughness and frequency. 

In this principle we have the explanation of why the late culti- 
vation of orchards is inadvisable. Nitrification is more active in 
autumn than at any other time. This activity would be increased 
enormously by cultivation, resulting in the production of large 
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stores of nitrates, the bulk of which would be washed out of the 
soil by the winter and early spring precipitation. 


The Presence of Moisture. 


Bacteria of all kinds, including the nitrifying organisms, grow 
only in the presence of moisture. Soil waters, containing dissolved 
mineral salts and ammonium compounds, are, therefore, the natural 
media in which the nitrifying ferments develop. 

In a dry soil nitrification cannot take place; hence in periods of 
drouth, where the superficial layers of the soil for a depth of several 
inches become dry, nitrification is suspended. On the other hand, ex- 
cess of water prevents nitrification by excluding air, hence water- 
logged soils must first be drained before they become proper nitri- 
fying beds. In a wet soil not only is nitrification inactivé or en- 
tirely suspended, but the opposite process of denitrification takes 
place with the loss of nitrogen in the free gaseous condition. 

A soil may be in good condition in its superficial layers, but have 
an impervious clayey subsoil, which retains the downward drainage; 
or a still deeper layer of clay may raise the level of ground water so 
near the surface as to render the subsoil wet. In either case the 
deeper zones of the soil become too damp for active nitrification, so 
that this process instead of being carried on from the surface to a 
depth of about 27-86 inches is confined to a more superficial zone; 
the elaboration of much valuable plant food is thereby prevented. 

The functions of underdrains is thus not only to withdraw the 
excess of subsoil water, but also by the downward movement of the 
same to draw air into the soil and thus supply oxygen to the nitri- 
fying ferments. 


The Reaction of the Soil. 


Nitrification can only take place in a feebly alkaline medium, but 
the presence of anything beyond a small quantity of an alkaline salt 
is a hinderance to the process, while a large amount will check it en- 
tirely. Thus Warrington” showed that the presence of 0.032 per 
cent. of bicarbonate of soda distinctly retarded nitrification, and 
that with the presence of 0.096 per cent. nitrification was only barely 
possible. The same author also showed that the presence of 0.0447 
per cent. of ammonia in urine rendered it unnitrifiable. Dumont* 
and Crochetelle showed that carbonate of potash added to soil at the 
rate of from 1 to 2.5 grams per 1000 grams of soil markedly increased 
nitrification, but that large applications of the salt progressively di- 
minished the rate of nitrification, and that the addition of 8 grams 
per 1000 grams of soil completely checked it. 

A heavy dose of lime by unduly increasing the alkalinity of the 
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soil may at first check or suspend nitrification until the said lime 
las been converted into carbonate. This, however, takes place rapid- 
ly, diminishing in turn its strong alkaline properties and permitting 
nitrification to commence more actively than before. 

Equally unfavorable to nitrification is an acid condition of the soil. 
The extreme susceptibility of the nitrifying organism to acid is 
shown by the researches of Wiley and Ewell.® In the experiments 
of the latter, solutions containing calcium chloride and water were 
seeded with soil, containing of course nitrifying bacteria. In this 
medium nitrification continued until the medium reached an acidity 
equivalent to 4 c. c. of normal acid per 100. 

It is a well known fact that nitrification has practically ceased 
in forest and woodland soils. The same is true, but to a lesser de- 
gree, in the soil of old pastures. That such cessation of nitrification 
is not due to the absence of nitrifying bacteria is shown by the fact 
that such soils begin to nitrify rapidly upon the addition of some base 
which overcomes the acidity. 

In the experiment of Dumont and Crochetelle, already referred to, 
a soil which had been in grass from time immemorial and contained 
6.84 per cent. of humus was treated with variable amounts of car- 
bonate of potash. It was stirred and watered several times dur- 
ing the experiment. After one month the nitrates were extracted 
with the following results: Nitric nitrogen, per 1000 grams of soil, 
without addition of carbonate of potash, 70 mg; with 1 gram of 
carbonate of potash per 1000 grams of soil, 160 mg; with 2 grams of 
carbonate of potash, 230 grams; with 3 grams, 250 mg; with 4 
grams, 130 mg; with 5 grams, 73 mg. 

In an experiment with marsh land containing 5.76 per cent. of 
humus similar results were obtained, showing that while in the 
original soil nitrification was practically nz/, the addition of car- 
bonate of potash resulted in active nitrification. 

Too great a degree of alkalinity, as has been already seen retards 
or entirely checks nitrification. 

In a too concentrated solution of urine, the nitrifying process is 
hindered after a certain time by the accumulation of ammonium 
carbonate which is being produced by the ammonifying bacteria ata 
more rapid rate than the oxidation of the ammonia to nitric acid. 
This is the condition of most stable manures in bulk or before they 
become intimately mixed through the soil. 

The addition of lime to stable manure in a state of ammoniacal 
fermentation would only still further hinder their nitrification by 
increasing alkalinity, and would also drive off much valuable am- 
monia. Lime added to fresh manure before ammonium carbonate 
has been produced will not cause the above loss of free ammonia, 
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but it will hasten the ammoniacal fermentation so rapidly that 
nitrification will soon cease. 

Both ammonification and nitrification can be made active in a 
manure heap, when not too closely compacted, or in a soil freshly 
and heavily dressed with manure, by the use of plaster. Plaster acts 
by decomposing the excess of ammonium carbonate as fast as formed, 
producing in turn non-volatile ammonium sulphate, and calcium 
carbonate (chalk); the latter compound serving as a mild base whose 
presence is favorable to nitrification. 

The loss of ammonia from manure piles is not considerable as Jong 
as the latter are kept moist or well compacted. When manure be- 
comes dry, or when the latter is forked over or otherwise kept too 
loose, a considerable loss of ammonia will result. So far as the 
loss of ammonia alone is concerned, the application of plaster 
may not be necessary, but if the latter be spread over the pile 
with each considerable addition of manure from the stable, 
its presence will materially aid in the ammonification and nitrifi- 
cation of the same and make it a more active stimulant when applied 
to the land. 


Temperature of the Soit. 


Experience at Rothamsted in England shows that nitrification 
takes place quite freely in the soil during an ordinary English 
winter. Warrington” in one series of laboratory experiments showed 
a considerable rate of nitrification in solutions kept at the tempera- 
ture of 37 and 39 degrees F. 

According to Schlésing and Miintz, nitrification becomes active 
at 54 degrees IF. and rapidly increases up to 99 degrees F., at which 
point it is nearly ten times as rapid as at 54 degrees. Above 99 de- 
grees the rate of nitrification rapidly diminishes; at 122 degrees F., 
very little nitrate is produced, and at 131 degrees F’., it ceases en- 
tirely. 


The Physical Condition of the Soit. 


Schlosing has shown that nitrification and microbic combustion 
in general are less active in fine-grained compact soils than in lighter 
coarse-grained soils. 

A certain proportion of clay and sand appears to be most favor- 
able for a maximum rate of oxidation. In the experiment of Schlos- 
ing equal amounts of ammonium sulphate were applied to equal quan- 
tities of artificial soil in pots, and the nitrates determined at the end 
of certain periods; from this the percentage of the ammonium salt 
which was converted into nitric acid was determined as given in the 
following table: 
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Table IV. 


nitrified at 
after 72 daya, 


Ante 


209-279 O, 


niu 


Percentage of the annmoe 


Sand, 


*Perceniase of ammonium salt nitrifed after M6 days, temperature of laboreiory. 


From this table it is seen that the maximum rate of nitrification 
took place in the soil with a proportion of clay varying from 10-20 
per cent. with from 80-90 per cent. of sand respectively, the rate 
diminishing as it is either lighter or heavier than the above mean. 
Nitrification, other things being equal, is, therefore, most active in 
soils which are neither too light nor too heavy. 

The soil best meeting these conditions are the sandy loams which 
eccupy an intermediate position between the heavy grass lands of the 
imner margin of the costal plain and the light truck lands of the sea- 
board. One way in which soil texture affects rate of nitrification is 
by its effect on available water. 

The finer particles of heavy soils have such a sirong attraction for 
water that a large part of the soil moisture is rendered unavailable 
for the use of the nitric ferment. 


(d.) The Rate of Nitrification in the Soil. 


When samples of soil are taken and kept loosened and stirred, 
and under favorable conditions of temperature and moisture, the 
rates of nitrification therein are exceedingly high, as shown by the 
fallowing Table V“ from experiments by Lawes and Gilbert: 
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Table V. 
ak i=] 
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Rothamsted soil, first 9 inches, ..............ssee- 0.588 119 
Do. with ammonium chloride added, slotetateterars 0.944 119 
Manitoba soils, Lawes and Gilbert, ......... Spe 0.700 335 
Soll, Deh6rain, ..........ccccscccescce tovesccccvcccscssccccssccccseseecsscecs 0.76-1.09 90 


The large quantities of nitrates produced in the rich Manitoba 
soils is due to the relatively large amounts of humus which they 
contain; the figures for the Rothamsted soil in the same table will, 
therefore, represent a more normal and average condition. 

More detailed figures regarding rates of nitrification are given in 
Table VI! for one of the poorest of the Manitoba soils. 


Table VI. 
Nitrogen as Nitric Acid Produced per Day | ¥ s go 
During Different Periods of Exposure, 3 a he 
in Pounds, Per Acre. 5 i om 
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° 3 = 
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Vaile feist iclels sinivisiorsicie clo\e e\sielsisieiniele.ee 0.92 0.88 1.08 1.00 0.36 0.69 227. 5, 236 | 4.78 
18-24, ccecccccccccccsccveccscecccs 0.17 0.12 0.12 0.52 0.16 0.27 57.2 3,488 1.64 
BH H=SO sik alaleieleieleieielaieielnin\elelele‘elolelsielvieivisls 0.58 0.49 0.03 0.18 0.08 0.03 43.8 2,592 2.07 
STAB, cc ccvcccccccccccscccccscccns 0.08 0.04 0.01 0.01 0.02 0.02 7.6 870 1.22 
335.6 | 12,186 | 


The preceding table shows: 

1. That the greater proportion of the nitrates, nearly 65 per cent., 
are produced in samples from the first 12 inches of soil; both be- 
cause of the greater quantity of humus in the surface layer and per- 
haps also because of the greater vigor of the nitrifying ferments in 
this same zone. 

2. That in zones between 12 and 36 inches below the surface large 
quantities of nitrates can be found, 30 per cent. of the whole, pro- 
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vided samples from this depth are brought under conditions favor- 
able for nitrification. 

3. That at depths greater than 36 inches the proportion of nitrates 
which can be found is small. 

The large quantities of nitrates produced in 285 days, calculated 
as 335 pounds per acre, in terms of nitric nitrogen, show that our 
soils when brought under the most favorable conditions for nitrifica- 
tion can be made to produce nitrates at a rate far in excess of the 
needs of the most exacting crops. 

Again, the small proportion of nitrogen converted into nitric acid 
in a single year, as compared with the total nitrogen of the soil, as 
shown in the last column of Table VI, demonstrates, furthermore, 
that virgin soil will at least become abundant sources of nitrogen to 
growing crops for scores of years. 

The question of nitrogen supply in even ordinary soils becomes, 
therefore, a question of controlling nitrification and of conserving the 
supplies of nitrates produced by nature. It is not to be supposed, 
however, that anything like the supplies of nitrates obtained in the 
preceding experiments can be realized by ordinary tillage to the 
depths indicated. The production of an amount of nitric nitrogen 
in any wise approaching 335 pounds to the acre is, therefore, not 
to be expected. Were it so nature would be most wasteful in her 
operations, a charge which can never be truthfully brought against 
her. 

A crop of wheat at the rate of 15 bushels of grain per acre will 
require something like 24 pounds of nitrogen; therefore to produce 
normal crops the economy of nature would demand that amounts of 
nitric nitrogen comparable to the actual needs of crops shouid be 
produced. This would be true to an approximate degree, provided 
the roots had complete possession of the land, down to the lower 
limits of nitrification, and also provided such crops had possession 
of the land during every month of the year. 

In the case of wheat for instance, neither condition holds and con- 
sequently the crop being unable at all times to utilize nitrates as 
fast as they are produced, there must needs be considerable loss. 

The fact that the drainage waters from unmanured wheat fields 
show an amount of nitric nitrogen approximately equal to that used 
by the crop is an indication that there is produced in the soil each 
year a stock of nitrates more than double in quantity that which the 
crop itself can utilize. 

The relation between the quantity of nitrogen removed by a crop 
and that present in the drainage water is brought out in the follow- 
ing Table VII by Lawes and Gilbert. The figures show (1) the num- 
ber of pounds of nitrogen per acre in crop and in drainage water; 
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(2) the number of parts of nitrogen in crop and in drainage compared 
with 100 parts in the manure. These last figures are given in black- 
faced type. The figures in the last column give the amounts of ni- 
trogen unaccounted for, the plus sign indicating a gain of nitrogen 


and the minus sign a loss of nitrogen over that contained in the 
manure. 
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The preceding table shows from 50 parts of nitrogen in the drain- 
age as compared with 61.8 parts in the crop up to 67 parts in the 
drainage as compared with 37.2 parts in the crop. 

The table also shows that in the case of wheat the greater pro- 
portion of the nitrates in the soil are either beyond the reach of the 
roots, or what is more probable, that they are washed out of the 
soil at that season, fall or winter, when the wheat has but limited 
capacity of absorbing them. For this reason wheat is shown to be 
one of the most exhaustive of all farm crops as regards nitrogen sup- 
ply. That no such proportionate loss of nitrates occurs with other 
crops, like grass and clover, which cover the ground especially during 
the fall and winter months is shown by numerous figures, some of 
which will be considered under the head of loss of nitrates. 


(e.) Losses of Nitrates. 
Relation to Rainfall and Percolation. 


Nitrates are easily leached out of the soil and carried into the 
drainage. In a highly porous, sandy soil free of vegetation, the 
greater proportion of the annual rainfall, 80 per cent. more or less, 
will pass downward through the soil and appear as drainage. 

In land covered with a sod a much less percentage, about one- 
third of the rainfall, may pass off as drainage, the remainder being 
evaporated or thrown off by the plants in transpiration. 

In a plot of fallow ground at Rothamsted” for a period of 28 years 
the annual average outflow of drainage was 11.76 inches and the 
average rainfall for the same period 28.3 inches, making the average 
percentage of drainage 41.5 per cent. of that of the rainfall. 

The action of vegetation in preventing an excessive outflow of 
drainage is most evident during the months of maximum growth, 
May to September, as the following figures by Greaves and Evans” 
indicate: 
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Drainage. 
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aE“ sBaAgsepaocsuaas 2.20 1.57 | 0.15 
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MGM EOD OR Me acieicieleticics ci cia clomice <icieicls w'eiciclejeiclo clejeisiele\sieis oie ie'o\sielo wislelelsieieieieiclelecio'e 2.35 1.74 0.07 
SYAGECIE.  Aog8dnbadsnuccsanceacseuncoccdauasodoconcpdancoboanoccd Jaudbadaudd 2.73 | 2.40 0.51 
MERU PDO IMM tetteiearenieeicciceie(s cisis sisis cis cieisie clele sleisle\e areielele sieieis ele ele.eislejeie eieieie este 2.02 | 1.96 0.83 
WIECEMPED, icc ccc wee c cece n cece ceases seccsscecnnveccaccacseseeenscecsace 2.42 | 2.17 1.51 

RGUEN,. codeescosoaocooquobooDocdsoddes SanuS soSpEacondeTospeoceddEdaed | 25.7 21.5 7.6 


It is evident that the larger the rainfall the greater will be the 
amount of drainage, and the greater pavz passu the loss of nitrates. 
Another factor also governs the amount of nitrates in the drainage, 
and that is the quantity of njtrogen in the soil, particularly in its 
soluble form. 

The application of considerable quantities of ammonium salts or 
of nitrates as fertilizers, or of nitrogenous manures as stable manure 
or rape cake, results in a large increase of nitrates in the drainage. 
These facts are brought out in the following table from Lawes and 
Gilbert: 
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Table VIII. 


Nitrogen as Nitrates in Drainage Waters, Broadwalk Field at Dif- 
erent Seasons. Average of three Years in parts Per Million of 
Drainage Water. 
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GHdoeoane 14.7 0.7 6.0 5.4 5.4 1.22 | *200 lbs. ammonium salts and minerals. 
Ueooacods 27.1 1.4 Hee 5.4 6.8 1.54 | *400 lbs. ammonium salts and minerals. 
Choosa0ce 28.2 4.0 18.5 es) 9.3 2.10 | *600 lbs. ammonium salts and minerals. 
ibfogouonos 6.7 2.9 7.5 28.1 19.3 | © 4.87 | 7400 lbs. ammonium salts and minerals. 
Tistaretevossicis 29.7 1.8 6.6 5.5 Uleal 1.61 | 400 lbs. ammonium salts alone, 
LR Werercietaion 1.5 0.3 5.6 5.5 4.3 0.97 | Mixed mineral manure. 
Sasisteretsieleie 3.6 1.4 6.0 925 7.6 1.70 | Barn yard manure. 
LO eidistete 3.7 0.5 7.0 14.0 10.4 2.35 | Rape cake. 


tApplied in the fall. 

The use of large quantities of ammonium salts, or of nitrate of 
soda at the time of spring seeding results, as the last table shows, in 
an immediate increase of nitrates in the drainage waters. . 

There is every reason to believe that ammonium salts, when ap- 
plied to the soil, are very rapidly converted into nitrates, and in this 
form washed out of the soil. The same loss would follow similar 
applications at the time of autumn sowing as shown by the results 
from Plot 15, given in the last table. 

Hence whenever it becomes necessary to use ammonium salts or 
nitrates as a crop stimulant, they should be applied in small quanti- 
ties while the crop is growing. The custom of introducing nitrate of 
soda with the seed is accordingly a most wasteful operation. 


The Amounts of Nitrates Lost in the Drainage. 


It is calculated that the River Rhine discharges daily into the 
ocean 220 tons of nitrates, calculated as nitrate of soda; the Seine 270 
tons, and the Nile 1,100* tons. 

Since the great bulk of this comes from nitrates produced in the 
soil it is easy to form some idea of the tremendous losses of this the 
most valuable of all plant nutrients. 

From what has already been said it is seen: 

1. That given equal rainfall, the amount of nitrates lost in the 
drainage is greater in sandy than in heavy soils; and in direct ratio 
to the porosity of the latter. 

2. That the loss by drainage, and hence the corresponding loss of 
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nitrates, is diminished by vegetation; hence in fallow land the loss of 
nitrates is greater than in land covered with plant growth. 

Thus from an unmanured field at Rothamsted, kept fallow and free 
of weeds, the loss of nitric nitrogen per acre per annum was for three 
successive years 38.9, 48.3 and 27.4 pounds respectively, while from 
an experimental wheat field at the same place the similar loss, as an 
average of 19 years, was in one case 9.1 and in the other 11.9 pounds 
per acre’ per annum. 


The pe of Mineral Fertilizers on the Loss of Nitrates and on 
Nitrification. 


I have already mentioned the effect of lime and plaster on nitrifica- 
tion; still another point needs mention. 

The nitrifying organism cannot multiply except in the presence, 
among other elements, of phosphoric acid and potash. Nitrification 
is, accordingly, aided by applications of mineral fertilizers. 

The effect of potash salts alone, or of potash salts mixed with car- 
bonate of lime, in increasing nitrification and ammonification in soils 
rich in humus, has been shown by Dumont. In soils differently 
treated the amount of nitric nitrogen produced in 1000 grams of soil 
in 40 days was in milligrams as follows: 


ORCC Kemmerer ela on oN fai aie oti anes Ses acu oan ater cash apenn ake 25S 
Otc carnonace, 0slsper Cents, s/iuv sss « os «6 eleiete es) < 57.8 
Wnleachedsashes: 0:5 Per. Cents rod ss... «.'sleeto tiers as 6 19.0 
Muriate of potash, 0.1 per cent., and carbonate of lime, 2 

j OSES CLE Ts Aig eRe etcetera Rear ns A arr RR aes 38.0 
Muriate of potash, 0.1 per cent., and Thomas slag, 5 per 

ReTM OM aes ose oo oats a fh bea uss «oy Stal 8 9s Syn) avaaneUaneUIANe alate 41.5 
Prmnonateroislime: 2 per CEN, 85.5. ee ct clnee oo wares 5.3 


From the preceding it is seen that a marked increase of nitrates 
resulted when some form of potash was used. In the mixture of 
muriate of potash and carbonate of lime, a double reaction between 
the two took place, producing carbonate of potash and chloride of 
calcium. The author claims that the action of the potash salts is to 
combine with the humates of the soil and form a compound which is 
very readily nitrifiable. 

Again, the ability of a crop to utilize the nitrates of the soil is 
considerably diminished when there is a deficiency of available 
mineral constituents, especially of potash and phosphoric acid. 

The effect of mineral salts upon nitrification and the loss of nitrates 
is well shown in the following table:** 


Pat 1902 
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Table IX. 


Nitrogen as Nitrates in Soil and Subsoil and in the Drainage Water 
of Various Plots in the Broadwalk Wheat Field, in Pounds Per 
Acre. 


minerals. 
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From the above we note that the total nitric nitrogen in 27 inches 
of unmanured soil was 17.8 pounds per acre; while in the same soil, 
treated with mixed mineral fertilizers, the amount was 24.3 pounds 
per acre. 

The percentage of nitric nitrogen which passed out in the drainage 
was also diminished as a result of the application of mineral fer- 
tilizers. 

The effect of mixed minerals, when applied with ammonium salts 
in diminishing the loss of nitrates in the drainage, is well shown in 
the results from Plot 10a, 7a, and 8a, in the preceding table. 


The Effect of Season of Year Upon Loss of Nitrates. 


The preceding table shows that in unmanured land, and in land to 
which only mixed fertilizers, free from nitrogen, had been applied 
the percentage of nitric nitrogen removed by the drainage from Sep- 
tember 1 to February 1, five months, was from 54 to 65 per cent. of 
the total quantity present in the first 27 inches of soil at the begin- 
ning of the experiment. In Table VIII similar results are observed. 

On Plot 5, fertilized by non-nitrogenous manures, the average num- 
ber of parts of nitrates per million parts of drainage for the whole 
year was 4.2 while the corresponding figures for the periods from 
wheat harvest to autumn sowing, and from autumn sowing to spring 
sowing, were respectively 4.8 and 5.5. The corresponding figures for 
the periods from spring sowing to the end of May, and from June to 
harvest, were 2.9 and 0.2. 
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The losses of nitrate in a wheat field, or on fallow ground are there- 
fore greater during the fall and winter months; and least during the 
summer months. 

The increased loss of nitrates in a wheat field during the fall and 
winter months is due to a combination of causes: 

1. Diminished evaporation and increased drainage. 

2. The accumulation of nitrates in the soil during the summer 
months beyond the needs of the plants, which are washed out of the 
same during the fall and winter, and 

3. The inability of wheat at this season to utilize the soil water 
and prevent excessive percolation. 


These considerations teach a most important principle, i. e., that 
ground should be kept in some crop as much of the time as possible 
especially during the fall and winter. The growth of wheat as one 
crop in a system of rotation is of course necessary, notwithstanding 
the inevitable losses of nitrates which follow its seeding. 

There are, however, certain violations of the above rule which 
need correction. 

Corn land should never be left fallow through the winter. The 
same is equally true of tomato and trucking land. Either these 
crops should be followed by wheat or some winter cover crop put in 
to conserve nitrates. In a loose sandy soil in which it is more diffi- 
cult to accumulate available nitrogen it would be inadvisable to fol- 
low a cultivated crop like tomatoes, or potatoes by wheat, but rather 
to use crimson clover or rye to hold the nitrogen. 


(f.) Increasing the Supply of Available Nitrogen in the Soil. 


Soils may become too rich in humus and available nitrogen. The 
use of crimson clover has in some cases in Delaware been carried so 
far as to work actual injury to the land, especially if the latter has a 
tendency to become heavy and retentive of nitrates. The majority 
of farm lands, however, are not open to the charge of being too rich; 
on the contrary, the improvement of land and the growth of larger 
crops is the great desideratum. 

I have already pointed out that most soils contain large supplies 
of organic nitrogen, which, by the aid of nitrification, can be made 
available to crops. The question of utilizing these stores of organic 
nitrogen already in the soil becomes mainly one of underdraining, 
deep plowing and more frequent cultivation. 

Every cultivation of a corn or potato crop is equivalent to a dress- 
ing of nitrate of soda in its cheapest possible form. Hence if we 
could cultivate twice to each once by our present system we would 
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considerably increase our supplies of available nitrogen, and in turn 
reap the rewards of such an increase in larger crops. 

Such a system of intensive cultivation carried on year after year 
would, however, result in the burning out of the land, and in greatly 
reducing the fertility. It is, therefore, necessary to make good these 
losses of organic nitrogen by the growth of such crops, or by the use 
of animal manures, as shall add to the stock of humus already in the 
soil. The effect of stable manure and clover in increasing the quan- 
tity of nitrates in the soil js brought out in the following table: 


Table X. 


Nitrogen as Nitric Acid in Pounds per Acre in Soils of Geescroft and 
Hoosfield Experimental Plots, Rothamsted. 
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The results given in column I are from a field left for 30 years un- 
manured and exhausted by continuous cropping to beans, followed by 
fallowing. In column II it is seen how, even under condition of the 
most heavy drain upon a soil, the supply of available nitrogen can be 
maintained by the use of stable manure. 

In columns I and II above, the comparatively large quantities of 
nitrates in the lower zones of the soil will be noted as indicative of 
the effect of excessive downward percolation during 4-5 years of 
fallowing; for this reason the soils of the Geescroft field are really 
poorer in available nitrogen, within that zone occupied by the bulk 
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of the roots, than the amount of total nitrogen to a depth of 72 inches 
would indicate. 

In column III the effect of 35 years’ continuous culture of wheat 
on the same land is shown; the result is a soil richer in available 
nitrogen than might be expected. 

The comparative effect of 17 years in clover, as shown in the last 
column, is a marked increase of available nitrogen, and shows the 
good effect of such crops in increasing the store of this important 
element of plant food. 

The effect of permanent grass in increasing the store of nitrogen 
in the soil is marked, and is well bronght out in the following table 
by Sir. J. B. Lawes:»» 


Table XI. 


Nitrogen in Surface Soil (dry), First 9 Inches, and Gains in Pounds 
Per Acre in Land in Permanent Grass. 
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It should be understood that the above field has been mowed for 
hay every year for 33 years, with average yield of 1.7 tons per acre 
per annum, and yet, notwithstanding this annual drain, there was an 
increase of nitrogen in the soil of 50 pounds per acre per annum. 

Thus the state of knowledge is sufficient to indicate that all soils 
can be kept sufficiently rich in available nitrogen by the judicious 
use of leguminous crops in a proper system of rotation, or by the 
use of grass and clover as a part of the same system, and this with 
out the necessity of purchasing a single pound of nitrogen in a fer- 
tilizer. 
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6. Denitrification and Loss of Free Nitrogen. 


Through the agency of bacteria present in all soils, nitrates under 
certain conditions may be converted into lower oxides of nitrogen, 
into ammonia or into free nitrogen. 

Goppelsréder,® in 1862, made the observation that in soils rich in 
humus active denitrification took place. 

In 1882, Gayon and Dupetit*: found that in river water containing 
small quantities of nitrate of potash (0.02-0.2 grams per 1000) there 
was a reduction of the latter salt to ammonia. 

The reduction of nitrates through the agency of bacteria was later 
(1883) observed by Dehérain and Maquenne,® and also by Springer, 
which reduction they held to be due to the agency of anaerobic forms, 
similar to B. butyricus, which either reduced the nitrates to lower 
oxides of nitrogen or to free nitrogen. 

Heraeus,” in 1886, isolated from water two bacilli which posessed 
to an eminent degree the power of reducing nitrates to nitrites. 
Blasi and Fravoli,” in 1888, found in Palermo soil 27 different species, 
which they have studied as to their chemical action in gelatin con- 
taining nitrates. They found that in 1-3 days 'the quantities of ni- 
trates diminished with a simultaneous increase of nitrites. These 
latter reached their maximum in 6-8 days, and after 25-30 days en- 
tirely disappeared. 

Frankland,” in 1888, isolated from water some 32 different species 
of bacteria, of which no less than 17 possessed the power more or 
less completely of reducing nitrates to nitrites. Of these the most 
strongly reducing were B. ramosus and B. pestifer. 

Bréal,® in 1892, isolated from straw and other refuse a ferment 
which possessed strong reducing action. He found that if to straw 
fermenting in water, nitrates were added, the latter rapidly disap- 
peared, while if sterilized straw were put into water and allowed to 
ferment, no such reduction took place, thus showing the presence 
upon the straw of some specific denitrifying organism. The nitrogen, 
according to the author, appeared partly in organic combination and 
partly as elementary nitrogen. 

Gilthay and Aberson,™ in 1892, isolated from both soil and atmos- 
phere two organisms which possessed active powers in reducing 
nitrates, and which they named Bacillus denitriticans var. a. and b. 
Both of these liberated free nitrogen. 

Egunow,® in 1893, isolated from the surface of seed a bacillus 
which possessed the power of reducing nitrates to nitrites, etc. 
Egunow found that in flasks with broad flat bottoms, with mineral 
media and nitrates, and with the fluid only a few millimetres thick, 
the nitrates were finally converted into ammonia. Where the thick- 
ness of the fluid was 10 mm., the nitrates were converted into am- 
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monia and free nitrogen. Where the thickness was 60-70 mm. no 
ammonia was formed, but only free nitrogen. 

Burri, Herfeldt and Stutzer,® in 1895, isolated from horse manure 
and from straw two bacilli, respectively B. nztrzficans I and II, which 
actively reduced nitrates. 

Schirokikh,” in 1893, isolated from horse dung a bacillus which 
liquified gelatin, and actively reduced nitrates. In broth contain- 
ing 2.5 grams of potassium nitrate to the litre, the latter was com- 
pletely reduced in 5.8 days, at a temperature of 30-35 degrees C. 

Again, Sewerin,® in 1897, isolated from horse manure 29 species of 
bacteria, of which 20 possessed greater or less power of reducing 
nitrates. 

In 1896, Richards and Rolfs® conducted some experiments with 25 
different solutions prepared to typify conditions of water polluted 
with decaying organic matter (sewage), and at the same time con- 
taining nitrates. 

They note, (1) the rapid disappearance of nitrates, usually less 
than 10 per cent. of the original quantity remaining at the end of 
3 days; (2) a corresponding increase of nitrites; (3) that when the so- 
lutions contained no organic matter other than that usually present 
in the water reduction took place very slowly and incompletely; (4) 
that the nitrogen which disappeared from the nitrates was finally 
given off in the free state; (5) that whenever nitrates were added to 
decomposing organic matter under such conditions that the growth 
of the bacteria required more oxygen than the solution afforded, the 
latter took it from the nitrates setting free nitrites, which in time 
were decomposed, setting free nitrogen. 

From the aforegoing citations it is seen that denitrifying bacteria 
are abundantly distributed in nature, and that they are found in 
water, soil, manure, sewage and upon the surface of plants, particu- 
larly upon straw. It is only necessary to add a small portion of soil 
to media containing nitrates to obtain active denitrification thus 
showing the general presence of denitrifying bacteria in soils. 

The majority of soil bacteria studied separately by the author 
possess this property to a greater or less degree. 


7. Conditions Affecting Denitrification. 


(a.) Presenceor Absenceof Air.—It has commonly been supposed that 
the power of reducing nitrates belongs more exclusively to the an- 
aerobic bacteria, or those which live without air. The question is 
an open one as to how far denitrification is the result of a deficient 
supply of atmospheric air. All of the species of soil bacteria so far 
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examined by the writer, with one exception, are aerobic, and yet they 
all actively reduce nitrates. 

That active denitrification can take place in the presence of an 
abundant supply of atmospheric oxygen is shown by the following: 
A culture of B. pulvinatus was selected on account of its active denit- 
rifying properties. 

The bacillus was grown in a solution of Witte’s peptone containing 
one gram of nitrate of soda to the litre. 

Provisions were made for continually passing sterile air through 
the culture so as to provide an abundance of atmospheric oxygen. 
Simultaneously with the above, a culture was made in an ordinary 
flask, plugged with cotton wool, without aeration. At the end of 5 
days 7.0 milligrams of nitrite of soda per 100 c. c. were found in the 
aerated culture and 30.0 milligrams in the non-aerated. 

At the end of 10 days 20 milligrams of nitrite of soda were found 
in the aerated and 40 milligrams in the non-aerated culture. 

In this case active denitrification took place even with abundant 
and continual aeration of the culture, although the presence of large 
quantities of atmospheric oxygen seemed to somewhat retard the 
process. 

These results are in conformity with those of Stutzer and Maul.” 
B. denitrificans and B. coli-communis in a broth culture caused a 
vigorous reduction of nitrates to nitrites, and in four days the ni- 
trites had entirely disappeared, when, however, a constant stream 
of air was passed through the culture, growth took place as before 
but the nitrates had not entirely disappeared until after the tenth 
day. 

It would, therefore, appear that denitrification can take place ac- 
tively even in the presence of an abundant supply of atmospheric 
oxygen, certain bacteria at least being capable of utilizing combined 
oxygen equally with that supplied in the free state. 

Contrary results were obtained by Pfeiffer, Franke, Gétze and 
Thurmann™ in their study of the loss of nitrogen in manures. They 
found that denitrification was more active when air was drawn 
through and over the manure than when air was excluded, the pres- 
ence of atmospheric air apparently favoring the process, and it has 
become a recognized principle that manures lose nitrogen less readily 
when kept closely compacted than when loose. 


(6.) The Presence of Organic Matter. 


The effect of organic matter upon the development of the denitri- 
fying organism was shown by Stutzer and Jensen in 1897.” The 
experiments of the latter indicate that denitrification can take place 
only in the presence of a sufficient supply of assimilable carbon, 
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otherwise the nitrates remain unaltered although the denitrifying 
organism may be present in abundance. Apropos to this principle 
the authors hold with Maercker that horse manure is more active in 
causing denitrification than sheep or cow manure since the former 
is much richer in assimilable carbon than the latter. 

It is a well known fact that denitrification is particularly active in 
stable manure, and denitrifying bacteria are especially abundant 
therein. The admixture of straw also favors the denitrification 
process in manure was accelerated by the addition thereto of a 
straw contains an easily assimilable carbon in the form of pentosans, 
The pentosans which are abundant in coarse manure and straw, fur- 
nish a much more readily available food to den-trifying organisms 
than cellulose or fibre. Still more readily assimilable forms of car- 
bon are found in such compounds as glycerin, citric acid, lactic acid, 
ete., and Pfeiffer and Lemmermann found that the denitrification 
process, and an explanation of this has been found in the fact that 
soluble calcium citrate. 

The loss of nitrogen in the free state in organic infusions seems 
to be associated with the presence of readily decomposable nitro- 
genous bodies, such as the amzdes.Thus Grimbert ‘-*found that the 
colon bacillus, when grown in a solution containing peptones and 
nitrates, yielded no free nitrogen, but when grown with nitrates in a 
solution made from beef extract and containing amides there was a 
considerable loss of nitrogen in the free state. 

The author, therefore, concludes: that the nitrogen does not come 
exclusively from the nitrates, but also results from the denitrifying 
action of the bacillus upon amido principles in the culture medium. 

2. That the evolution of free nitrogen seems to result from the 
secondary reaction which nitrous acid, formed by the bacteria, exerts 
on these amido substances. 

It has been seen that one step in putrefaction and ammonification 
is the production of amido acids and basic amines, and this explains 
perhaps the rapidity of the denitrifying process in infusions rich in 
nitrogenous organic matter which are undergoing putrefaction. 

Kinger® showed that when nitrate of soda was mixed with liquid 
manure (urine) there was a decided decomposition of nitrogenous 
compounds and loss of nitrogen. And in the same connection, T. B. 
Wood" found that nitrate of soda when used alone as a fertilizer for 
oats gave much better results than when used with manure. 

This simply reiterates the former principle that nitrates readily 
decompose in the presence of an excess of readily assimilable organic 
matter. 
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(c.) The Relation of Denitrification to Cultivation. 


It has been stated that denitrification may take place either in the 
presence or absence of atmospheric air. 

With the presence of some form of easily assimiliable organic mat- 
ter, it may take place under any condition of aeration. 

Nitrification is the opposite and antagonistic process to denitri- 
fication. Furthermore, the conditions which are favorable to the 
former are inimicable to the latter. 

The question of denitrification and loss of nitrogen in soils is one 
about which much has yet to be learned, but it is generally believed 
that under ordinary conditions it is of no particular importance. 
At least this much may be said, that if the agriculturist will main- 
tain those conditions which are favorable to nitrification, any pos- 
sible loss of nitrogen by the opposite process can be disregarded. 

Hence cultivation, which effects the rapid destruction of easily 
assimiliable organic compounds, leaves little opportunity for the 
denitrifying bacteria to carry on their destructive work. 


8. The Loss of Nitrogen From Stable Manures and its Conservation. 


It has been stated that denitrification and loss of nitrogen is com- 
paratively rapid in stable manures, because of the abundant presence 
of denitrifying bacteria and of easily assimiliable organic compounds 
which furnish food to the latter. It has also been noted that straw 
mixed with urine and excrement also assists the process by fur- 
nishing an easily assimiliable carbon compound in the form of pen- 
tosans. 

So deleterious is the action of straw that it has been suggested, as 
a feature of good farm practice, to keep the manure and litter sepa- 
rate, or to see to it that as little straw as possible becomes mixed with 
the urine and faeces. 

To what extent this is practicable must be left to the practical 
agriculturist to determine. But taking conditions as they ordinarily 
exist, i. e., with straw forming a considerable proportion of the 
manure proper, and with the natural losses of nitrogen which must 
take place to confront us, how can these be reduced to the minimum. 

There are twomethods forconserving the nitrogen content of stable 
manure, first, by the exclusion of air and second, by the use of pre- 
servatives. 
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Regarding the first method it has been shown that denitrification 
is more active when air was drawn through and over the manure 
than when it was excluded. 

Under the former condition of free access of air Franke, Gétze and 
Thurman showed a loss of nitrogen amounting to from 27.6 to 42.6 
per cent. of that originally present. 

Hence to prevent loss of nitrogen the manure should be kept well 
compacted; its storage in sheds, or even in closed receptacles, where- 
by it is protected from strong currents of air, is also advisable. 

The preceding authors have also made valuable experiments on the 
use of preservatives. Of these, the use of super-phosphate is especi- 
ally recommended. : 

In this case the transformation of the nitrogen in the form of free 
ammonia into free nitrogen was prevented by the use of a sufficient 
amount of the super-phosphate to combine with all the ammonia 
formed, thus fixing it and preventing its loss. Plaster or sulphate 
of lime acts in the same way but less energetically. 

The addition of 2-3 per cent. of caustic lime, or 5 per cent. of marl, 
decidedly reduced the denitrifying power of fresh manure. 

The use of caustic lime, however, is not to be advised as it was 
found to promote ammoniacal fermentation, and the loss of ammonia. 

According to the authors, the mechanical condition of the manure 
exerted a more marked effect upon its preservation than chemical 
preservation. Hence the keeping of the manure ina well compacted 
condition and free from strong currents of air is of primary conse- 
quence. ° 


9. The Disintegration and Dissolution of Mineral Matter. 


This subject has, in a measure, been discussed in previous pages, 
but a few additional statements, in this connection, might be made. 
The mineral elements of plant food are absorbed in the form of 
salts. These salts are compounds of acids and bases, as shown in the 
following list: 
Plants Absorb. 


Acids. Bases. As Salts—i. e. 
IIETIC. Neccecovcccsccese Sea TPATNINONI D2 baccacc cee ssc. INTEPALES lon cccaee ccc cissisncecics Ammonia. 
RH TIG etencs ss ccises ea GLASS ce cae ncen acca Suiphateswesacecss-sesene sence Potash. 
PRRENEMEIO lcs asnccesccccese PSIG eee ee cies cacies cele | Carbonates? (.-.ssscss-set cee ot Lime. 
eHIDEPHOFIC, <.ccccccccccs EPO ceetcsacccdesscsaessel Whosphates Wee cccencacseces sn Iron, 
PRMREICU Sec ciscccecancecceos SOUR ua ones aececesscces |, Silicates( Or cooccacce aces onenice Soda or 
Hydrochloric, ........... | Magnesia, .............. | Chlorides, .....+-ssssseseeenee Magnesia. 
} 
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Of these acids, certain of them have existed in the rocky crust of 
the earth, from which soils have originated, before the advent of life, 
and hence are not of bacterial origin. These are sulphuric, phos- 
phoric, silicic and hydrochloric acids. Others of them are products 
of bacterial life such as carbonic and nitric acids. 

Of the bases, all except ammonia are of primordial or earth crust 
origin. 

Of the salts, the sulphates, silicates, carbonates and chlorides, 
which are largely present in rocks, are not absorbed except in minute 
quantities, the greater part of the bases being taken up as nitrates 
and phosphates, and also as salts of the organic acids. 

, in the process of nitrification the nitric acid combines with the 
various bases present in the soil, and nitrates are produced. 

Phosphoric acid exists in the soil in the form of insoluble basic 
phosphates, which, under the action of organic acids, are converted 
into neutral or acid salts which are soluble. Hence the production 
of organic acids by bacterial fermentation renders phosphoric acid 
available to plant roots. 

We have already spoken of the action of carbonic acid, in disin- 
tegrating, and setting free as carbonates, the various bases locked up 
as mineral silicates. These carbonates unite with silica to form 
zeolites and these in turn are slowly decomposed by organic acids, 
and their contained bases again liberated as organic salts. 

H. Carrington Bolton has shown that many minerals are slowly 
decomposed by the action of cold citric acid, the zeolites and other 
hydrous silicates being especially susceptible. 7 

Thus by the combined production of carbonic, nitric and the va- 
rious organic acids, through the action of bacterial life, we have all 
the necessary agencies at hand for the dissolution of the mineral 
elements of plant growth. 


VIII. THE ASSIMILATION OF ATMOSPHERIC NITROGEN. 


1. Historica SuMMARY. 


The Biology of Root Tubercles.—It is a fact familiar to all that 
the roots of leguminous plants contain nodular swellings or excres- 
cences known as “root tubercles.” 

These have been recognized from the earlier days of botanical in: 
quiry, and as far back as 1615, DeLéchamp used the characters of 
the root tubercles as a basis of classification, and the same use was 
inade of them by DeCandole® in his System of Vegetation. 

At different periods during the earlier part of the nineteenth cen- 
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tury various opinions were held by different authors regarding these 
bodies. The more general view was that they were of the nature of 
fungus growths, or otherwise diseased conditions of the roots; a few 
held them to be the result of animal parasitism, and due either to 
insects or worms; while others considered them to be normal organs. 
regarding whose function there was difference of opinion. 

All of these latter views were, however, purely speculative, rather 
than based upon any serious study; and it was not until 1866 that 
any attempt was made to study them closely; when Woronin®™ de 
scribed their microscopic struciure. 

He found them to be composed of a central portion of thin walled 
cells, of an outer rind, and of an intermediate layer or vascular ring. 
In the central portion the contents were cloudy, and closer examina- 
tion showed the cells in this portion to be filled with peculiarly shaped 
bodies, which were sometimes rod-like, at others forked, and present- 
ing a variety of forms simulating the letters T and Y. Woronin re 
garded these bodies as living organisms, but since they differed from 
other bacteria or V7s4roz in form, he termed them Bacteroids. He 
regarded them as the causative agents in the formation of the tuber 
cles, although he offered no proof of this assumption. 

In 1874, Erickson” found in the newly developing tubercles long 
branching filamenis resembling the mycelium of a fungus.These 
threads he considered to be the infecting agents. Later on in the 
development of the tubercles he observed the presence of the bac- 
teroids, noted by Woronin, but failed to connect the two as corelated 
structures. 

In the early observations of Woronin and Erickson we have the 
germ and substance of all that has since been discovered regarding 
root tubercles. Both recognized, as is held to-day, the two classes 
of bodies the filamentous and the bacteroid. Both were right in as- 
suming that the organisms as seen within the tubercles were the 
agents in their production, although Erickson was more nearly right 
in assuming that the filaments were the real infecting agents. 

But it was left to others to show the relation of the filaments to 
the bacieroid bodies, and this question became the subject of much 
controversy and difference of opinion extending over many years. 
In the controversy which followed, covering the latter 25 years of 
the nineteenth century, the most eminent botanists were engaged. 

On certain points they agreed, on others they differed, but since 
the points on which they differed determined the position which 
these forms should occupy in a system of classification, the subject 
became of especial interest. 

All agreed to the presence of the filaments within the tubercles 
in the early stage of their development. These filaments were fur- 
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thermore regarded as the infecting parts, which forced their way into 
the younger roots and, by their iritating presence, set up a multiplica- 
tion or proliferation of cells which resulted in the building up of an 
excrescence or tubercle. 

It was upon the structure of the filaments, and upon how the bac- 
teroid bodies originated from them, that they differed, and upon this 
point it is surprising that there should havebeen such a wide diver- 
sity of view. These two views class themselves under two heads, 
which, for the sake of convenience, we shall term the endogenous and 
the exogenous theories. The former was held by Prazmowski, Frank 
and Maria Dawson, and the latter by Laurent, Ward and Atkinson. 

According to Prazmowski,® the leader of the endogenous theory, 
the infecting agent in the production of the root tubercles is present 
in the soil as a definite bacterium, which, after Beyerinck, he calls 
Bacterium radicola. 

Certain of these force their way into the smaller roots and for a 
time multiply therein; but soon the juices of the plant exert an un- 
favorable influence upon them, and to protect themselves against its 
injurious action they excrete a gelatinous substance in which they 
remain embedded, and in which they continue to multiply. With 
this multiplication the gelatinous envelope is drawn out into long 
strands or filaments, containing the rod-shaped bodies or bacteria. 
As long as these remain protected by their gelatinous envelope they 
continue to multiply and retain the rod-shaped form. 

As the filaments approach the central portion of the tubercle they 
swell out into rounded vessicles. Later on by the enlargement of 
these latter the enveloping membrane becomes so thin that it bursts 
and the enclosed bacteria are set free. From this time they cease to 
multiply, and by degeneration assume a variety of irregular branched 
forms, first observed by Woronin, and called by him bacteroids. 
Prazmowski, therefore, recognized (1) that the filaments were elon- 
gated pouches of gelatinous matter, the secretion of the bacteria, 
and in which the infecting bacteria were embedded; (2) that these 
bacteria multiplied as straight rods within the filaments, or en- 
dogenously; (8) that by the escape of the bacteria they underwent 
various degenerations by which they assumed the irregular forms of 
bacteroids. 

One essential point in Prazmowski’s position was that the bac- 
teroids were degenerated forms. 

Frank® in his later observation, held to the position of Prazmow- 
ski, but differed in regarding the gelatinous envelopes as a product of 
the cell rather than of the bacteria. 

Maria Dawson in 1899, also held to the view of Prazmowski. By 
proper staining she found the filaments to consist of strands of 
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straight rodlets lying parallel to the longer axis of the filaments 
and embedded in a colorless matrix. This matrix did not consist of 
cellulose, chitin, or any form of slime. The swellings, or vessicles 
of Prazmowski, occurred at places where the rodlets had become 
heaped up and eventually had burst liberating the rodlets. After 
liberation from the filaments they became transformed into X, V 
and Y shaped bacteroids. 

The exogenous theory is best represented by the researches of 
Laurent in 1891,*! and later by those of Atkinson in 1893.” 

Both hold that the filaments are not pouches containing bacteria, 
but true homogenous filaments, which, as they enter the cells of the 
central portion of the tubercle, show enlargements which afterwards, 
by a process of budding, give rise to the branched bacteroid bodies. 

This view was also held by Ward® somewhat earlier, and all agree 
in regarding the organism as a lowly organized fungus instead of a 
bacterium whose filamentous portion corresponds to the mycelium, 
and whose bacteroids are buds or gonidia thrown off from the latter. 
Yor this fungus, Laurent adopts the name Rhizobium leguminosarum 
originally proposed by Frank. 

Regarding these two views the bulk of evidence inclines to the 
exogenous theory, although there is opportunity for further study 
before the matter is finally settled. 

In what has been already said it was assumed that the root 
tubercles of leguminous plants are caused by an organism, com- 
monly present in the soil, which infects the younger roofs and re- 
sults in the formation of excrescenses or tubercles. 

In the earlier researches on the structure of the tubercle and their 
contained organism it was assumed that the associated fungus was 
the cause of the tubercle. But the first demonstrable proof of the 
relation of soil organisms to the development of tubercles was due 
almost simultaneously to Hellriegel® and to Ward,® in 1886. 

Hellriegel grew peas in sterilized sand free from nitrogen, but 
to which the other mineral fertilizers had been added. The plants 
grew until the stock of nitrogen in the seed was exhausted, when 
they showed signs of starvation. To these starving plants were 
added infusions of soil in which peas had previously been grown; in 
one case this infusion was sterilized, and in the other not. When un- 
sterilized soil infusion was used, the plants began to revive their 
vigor, and continued to grow to maturity. On their roots numer- 
ous tubercles developed. 

In the case of the plants watered with sterilized soil infusion, the 
plants did not revive, and no tubercles formed. 

From this experiment and others of like character it was shown 
that something, probably a living organism, existed in the soil in- 
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fusion, which was capable of infecting the roots and causing the 
formation of tubercles; and that by heat this organism could be de- 
stroyed. 

The experiment also showed that the renewal of vigor of the plant 
in a nitrogen free soil was corelated with the infection of the roots 
and the formation of tubercles; in other words, tubercle formation 
and nitrogen assimilation by the plant were interdependent. 

From this point the question of tubercle formation passed from 
one of mere botanical interest to one of great agricultural import- 
ance. 

Ward® went even further, and besides showing that tubercles could 
be produced at will by the inoculation of roots with soil infusions, 
succeeded in tracing the development of the fungus filaments into 
the root hairs, and thence into the cortex of the root, where he noted 
the development of the tubercles at these points of infection. 

In 1888, Beyerinck, succeeded in cultivating the root tubercle or- 
ganism on artificial media, and described a number of races from dif- 
ferent plants, which he considers varieties of one species of bacteria 
and which he names Bacillus radicicola. 

In 1890, Prazmowski,® by cultivating the organism of the root 
tubercles of beans ,succeeded in inoculating their roots with pure 
cultures of the latter by watering sterilized soils in which the plants 
were grown, with liquid cultures of the organism. 

In 1891, Laurent," by growing legumens in water culture, succeed- 
ed in inoculating their roots and producing tubercles at the points of 
inoculation by puncturing them with a needle whose point was con- 
taminated with root tubercle germs. And a little later, Atkinson® 
succeeded, by growing vetch in water culture, in inoculating their 
roots and producing tubercles from pure cultures of the organism. 

There is thus no doubt but that tubercles on the roots of legumi- 
nous plants are produced by infection from without, and by an 
organism entering the root from the soil, 

The organism as it exists in the soil is probably in the form of 
bacteria-like bodies, and most soils contain them in greater or less 
abundance. Their method of infecting the root is best described 
and figured by Atkinson. 

The bacterial body has the power to penetrate a root hair and is 
first seen therein as a filament, extending its entire length, as shown 
in Fig. 7 B-C, and thence entering the cells of the cortex of the 
root, causes their proliferation and the production of a swelling upon 
the side of the root, Fig. 7 A, which by further growth becomes a 
tubercle. Within the central cells of this tubercle the filaments can 
be seen branching in all directions as seen in Fig. 8 A. 

At numerous points are seen irregular swellings, Fig. 8 A-B, 


Fic 7.—Root tubercle formation. Infection of root 
through root hairs. A, a, infected root hair; b, beginning of 
a tubercle; B,a, point of entrance of infecting filament into 
root hair; b, infecting filament; Ca-Cb, as before. (After 
Atkinson. ) 


” 


Fic. 8.—Root tubercle formation. <A, ramification of filaments 
within central cells of tubercle; aa, enlargements of the latter from 
which buds originate. B—aa, showing budding of filaments and produc- 
tion of bacteroids. C, bacilliary and bacteroid bodies. (After Laurent.) 
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which later on produce buds which become bacterial and bacillary 
bodies, and which eventually fill the cells of the central portion of 
the tubercle. 

Such in brief is an outline of the biology of the root tubercle 
organism. For a further exposition of the subject the reader should 
cousult the excellent paper of Atkinson. 


9. THe RELATION OF: Root TUBERCLES TO NITROGEN ASSIMILATION. 


It has long been known that clovers enrich land, but the full 
philosophy of the matter has not been fully understood until com- 
paratively recent date. 

Lachmann, in 1858, was probably the first to suspect that certain 
nodular bodies seen upon the roots of legumes were in some way con- 
nected with the absorption of nitrogen by the plant, but no experi- 
mental proof of this assumption was given. 

In 1864, Rautenberg and Kuehn gave the first inkling of this in 
their work on water cultures. They noticed that with certain legu- 
mens grown in water, nodules formed on the roots of only those 
plants which were growing in a solution free from some compound of 
nitrogen. ‘The presence of nodules, therefore, seemed to be asso- 
ciated with an efiort on the part of the plant to obtain nitrogenous 
food. 

DeVries,® a little earlier, observed that comparatively few nodules 
developed on plants to which an abundance of nitric nitrogen was 
supplied. Root tubercle development, therefore, seemed to be asso- 
ciated with nitrogen hunger. But an exact demonstration of the 
relation of root tubercles to nitrogen assimilation by the plant was 
not made until 1886, when Hellriegel announced his important series 
of researches. 

Hellriegel®* was able to grow peas and other legumens in pure sand 
absolutely devoid of nitrogen, but supplied with other plant food. 
The sand was sterilized so as to destroy all germ life therein. Peas 
etc., grew in such a soil only under certain conditions, i. e., when 
the soil was infected with an infusion containing the living germs of 
root tubercles. Soils inoculated with sterilized infusions, or soils 
not inoculated and previously sterile, failed to grow peas. 

In the infected soils the peas developed tubercles, and with their 
development the plants thrived and attained their full maturity. 
Since the soil was devoid of nitrogen, the plants could have gained 
the nitrogen for their fruition from but one source, and that was the 
atmosphere. 

Hellriegel thus, as a result of an elaborate series of experiments, 
was able to announce positively that leguminous plants were able to 
utilize the free nitrogen of the air. 

24—6—1902 
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But an announcement so radical and startling as this could not 
rest on the authority of one man alone, and accordingly, Hellriegel’s 
experiments, with modifications, were repeated by numerous investi- 
gators, notably, Nobbe, Hiltner and Schmid,® with the same results. 

In Hellriegel’s experiments his plants were grown in the open air, 
and since atmospheric air contains combined nitrogen in the form 
of ammonia and nitrous acid, it was a question, though the soil 
might be free from nitrogen, whether the nitrogen compounds present 
in the air might not be the source of nitrogen to the plant instead of 
free nitrogen. 

Accordingly, in 1892, Atwater and Woods,” in this country, grew 
peas in glass cases the air of which was free from every trace of com- 
bined nitrogen. The soil and nutrient solution used to water and 
fertilize the plants were also nitrogen free. At the end of the ex- 
periment, covering 85 days, 27 plants had made an average growth 
of 29 inches, with a total gain of 242 mg. of nitrogen. It was fur- 
thermore noted, thut as a rule the largest gains were in those plants 
which showed the largest tubercle development. Thus, the authors 
conclude, “The free nitrogen of the air was alone available to the 
plants, and the gain must have been by the acquisition of free ni- 
trogen.” 

There is, therefore, no longer any doubt remaining in the minds of 
scientists that leguminous plants possess the power of utilizing the 
free nitrogen of the atmosphere. 

It has also been shown that they do this in proportion to the 
poverty of the soil in available nitrogen. In other words, the plant 
does not utilize the function of appropriating free nitrogen unless 
forced to do so. 

A legume will thrive in the presence of an abundance of avail- 
able nitrogen in the soil, or will respond to a liberal application of 
nitrate of soda. And it does so because it is easier for it to utilize 
a form of nitrogenous plant food already prepared for it than to go 
through the more elaborate process of appropriating the free nitro- 
gen of the air. 

But if the soil be deficient in nitrogenous food the legumes will 
extend their appropriating energies along these new lines, eventually 
overcome their soil environment and come off the victor. 

On this principle is based the value of leguminous plants as soil 
eprichers. 

It has been stated, and has perhaps been fairly well established, 
that the increase in nitrogen in legumes is proportionate to the 
development of tubercles. 

In his experiment with beans, Halsted” found that in every case 
there was a decided increase in yield of beans on soils where several 
successive crops of beans had been grown, over the yield where 
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grown on a soil for the first time. The roots of the plants growing 
upon old ground were well supplied with tubercles, while in the 
new soil they were usually almost entirely absent. 

Lane,” in New Jersey, obtained similar results with the cowpea, 
when grown for three successive crops on the same land. The first 
season but few tubercles were noted, and the yield was 6.56 tons per 
acre. The second year the tubercles were more abundant and the 
yield was 7.19 tons per acre. The third season the tubercles grew 
abundantly and the yield per acre was 10.02 tons. 

The fertilizer applied the third season was less than one-half 
that applied the second and it is believed that the increase was due in 
a large measure to a greater abundance of tubercles. 

It is a general observation that both annual and perennial legu- 
mes grow better a second season than they do the first, and this is 
probably due to a larger seeding of the soil with the organisms nec- 
essary to the production of tubercles on the roots. 

lt is claimed by Nobbe and others that root tubercles exert no 
infiuence in nitrogen assimilation when there is an abundance of 
available nitrogen in the soil. The tubercles being held to be the 
organs for such assimilation, this amounts only to saying that 
these organs will not perform this function unless called upon to do 
so, but let this necessity be forced upon the plant, the function of 
the tubercles is exercised, and the greater their number the greater 
will be the gain of the plant in nitrogen. 

Furthermore, the poorer the soil in available nitrogen, as shown 
by Hiltner® in the case of Alnus glutinosa, the greater is the num- 
ber of root tubercles which will develop, provided the necessary 
organisms are present in the soil. Hence under conditions of nitro- 
gen starvation or deficiency the number of tubercles on the roots 
becomes a measure of the nitrogen assimilating activities of the 
plant. 


3. Do OTHER Puants THAN LEGUMES ASSIMILATE FREE NITROGEN? 


The power of legumes to assimilate free nitrogen does not rest 
on the fact that they belong to a certain family of plants, the Legumi- 
nosae, but rather to the fact that their roots contain tubercles. 
This is instanced by the common alder whose roots bear tubercles. 
Hiltner has shown that young alders without root tubercles, and 
deprived of combined nitrogen, are unable to assimilate atmos- 
pheric nitrogen, and that the plants are poorly developed. But when 
by inoculation, tubercles are produced, the plant can utilize free 
nitrogen as in the case of legumes. This is well illustrated in Fig. 9. 
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The alder is therefore the one non-leguminous plant which is able to 
assimilate atmospheric nitrogen. 

Regarding other non-leguminous plants, the question of nitrogen 
assimilation has been raised, but the answer has, on the best author- 
ity, been in the negative. Thus Lotsy* showed the inability of white 
mustard to utilize free nitrogen and the same was shown by Nobbe 
and Hiltner® regarding mustard and buckwheat. 

So far as present knowledge goes we may, therefore, assume that 
plauts without tubercles are unable to utilize free atmospheric 
nitrogen. 


4, ARE THERE DIFFERENT SPECIES OF Root TUBERCLE ORGANISMS. 


This is a question which has frequently been raised, but which as 
yet cannot be positively answered. 

Nobbe held that there is a separate race of bacteria for each species 
or group of nearly allied species of plants. On the other hand Mazé, 
an equally good authority, claims that there are certain physiological 
forms of bacteria determined by the nature of the media in which 
they are developed. These are able to inoculate the roots of plants 
growing in soils offering the proper conditions for their develop- 
meut. 

Beyerinck™® has made a careful study of the different forms of 
bacteroids found in different species of legumes, and records dif- 
ferences among them. Voelcker® illustrates 16 different forms of 
bacteroids from different species of legumes, but states that no cul- 
tivating ihese organisms on nutrient media their differences disap- 
pear and that they can no longer be distinguished the one from the 
other. 

This would indicate that differences in the form of the organism, 
as seen within the plant, has little significance, and is controlled per- 
haps entirely by the differences in the host. For it is a well known 
fact that one and the same bacterial organism will often present 
variations in form when grown in media of different character. 

It is thus evident that the question of differences of species can- 
not be settled from the standpoint of differences of form, but must 
be determined from the physiological side. 

Nobbe, Hiltner and Schmid® have thrown important light on the 
question in their inoculations of different legumes with pure cul- 
tures. 

Their experiments show that the organism from a single species of 
legumes is capable to a greater or less degree of infecting and of 
producing tubercles on the roots of a number of distinct species. 
Thus the vetch can be infected by means of culture from Robinia 
(locust) Acacia, Vicia (vetch), and Pisum (pea); but the greatest de- 


Fic. 9.—Alnus in sterilized soils. Pot 1, inocu- 
lated with bacteria from Alnus tubercles. Pot 2, 
soil not inoculated. (After Hiltner.) 
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cles. Pot 2, inoculated with bacteria from Robinia 
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veiopment of the vetch took place when its roots were inoculated 
with vetch organisms. In other words, a given legumen is most sus- 
ceptible to organisms of its own kind, and but feebly so to those of 
another species. (See Fig. 10.) 

in the following table are given the results of these inoculations 
by the above authors: 


Chemical Analysis of Plants. 


Inoculated With Pure Cultures From 

3 a " 

g 3 g 5 

6 g 2 a 

fq <q a Ay 
Robinialdrysubstance—eramMss  seicicisc vccicicccisccivocs ciciesicee 7.402 | 1.158 0.858 1.479 
mobinia nitrogen—Milligrams, .ccccccccsaccccceccsecvceue 232.100 16.600 | 13.500 21.100 
ACacia dry. "SUDStANCE—ELTAMS!, soicvecicicelsic eciviclc cieie'e ie ciecclels 1.953 6.943 1.248 1.817 
Acacia Nitrosen—mMilliSrams,, |. 200 cicicce slcis/e cece cicisiesicvee 17.000 109.800 16.200 19.700 
Wiela drys SUDStANCE—LTAMBS «ccc cisiciesscclicicc calle visicecie 0.783 0.866 9.183 1.033 
Vicia nitrogen—milligrams, ............e0.. rlatetaieistetare ieterete 12.900 14.700 264.000 22.600 


The differences here noted can only be explained by a considera- 
tion of the question of virulence of the organism, and of specific 
adaptation. 

The pea tubercle organism by its growth in the pea root becomes 
especially adapted to that host, and losses its adaptability to another 
host. This, however, is a property more or less elastic, and subject to 
artificial modification. 

Thus Nobbe and Hiltner * have shown that when peas were in- 
oculated with cultures from bean tubercles, some tubercles would be 
formed but the organism seemed to be without the power of assimi- 
lating nitrogen; but if the same inoculation was continued upon a 
second generation of plants, the bacteria became nearly as efficient 
as those from the roots of the same genus. In other words, by pass- 
ing pea tubercle bacteria successively through beans, the virulence 
at first feeble was decidedly increased. 

The same authors have also shown that different cultures possess 
different powers in producing tubercles. Thus if a plant already 
possessing tubercles is inoculated with a culture of the same viru- 
lence there is no increase in the number of tubercles, but when in- 
-oculated with a culture of a higher virulence there is an increase in 
the number and size. The authors, therefore, hold that a plant may 
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acquire a certain immunity against infection by bacteria of a certain 
degree of virulence. 

This may account for the failure of land in many instances to grow 
clover, so called “Clover sickness,’ when there is reason to believe 
that the soil is well supplied with the specific organisms. 

To return to the question of species among different root tuber- 
cle organisms, it may be concluded that distinct species do not exist, 
and that there is but one species of variable virulence, capable of 
infecting the roots of any of the legumes either feebly or readily. 
That this species, which may at first attack a given host but feebly, 
has its virulence so increased by repeated growth in that host that 
it eventually is able to produce ready infection. 


5. RELATION OF THE SoimL TO TUBERCLE PRODUCTION. 


It has been stated that legumes will grow readily in soils where 
there is an abundance of available nitrogenous food independent of 
their power to assimilate atmospheric nitrogen. The legumes, how- 
ever, are so rich in nitrogen, and such vigorous growers as a rule, 
that their demands for nitrogen are greater than those of any other 
class of agricultural plants. Hence, in ordinary soils, legumes must 
utilize their nitrogen assimilating function to a greater or less de- 
gree. 

In poor soils, and these are the ones in which we desire to grow 
legumes as soil enrichers, there is often at first a struggle on the 
part of the legumes for existence, particularly is this true when a 
new legume is introduced. 

It is assumed that in most soils root tubercle organisms of one 
variety or another exist, but often in such few numbers or in suck an 
attenuated form as to feebly affect the plant. In this event an in- 
troductory crop of that legume, however small, may be necessary 
for the purpose of stocking the soil not only with the necessary num- 
ber of organisms but with those of the proper degree of virulence. 
Soils, therefore, become adapted to the growth of any legume and 
this adaptation consists in an abundant supply of organisms of the 
proper virulence to infect the roots. 

Nothing directly is known regarding the relation of soil acidity 
to the life of root tubercle bacteria therein, but Salfeld found that 
the addition of lime to land was beneficial to the development of 
root tubercles on field peas, lentils and garden peas. 
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6. INOCULATIONS OF SOILS. 


As soon as it was shown that root tubercle development was de- 
pendent upon the presence in the soil of specific organisms, the 
question of seeding the soil with such organisms was raised. The ex- 
periments which have been conducted on seeding land with soil in 
which the specific organisms of any leguminous tubercles are known 
to exist, have sometimes given positive and at others only indifferent 
results. 

The positive results have usually come from the inoculation of 
virgin soils, moorlands or barren soils that have not previously born 
leguminous crops. 

Salfeld” in North Germany, obtained excellent results on the 
large scale on recently reclaimed moorlands sown to peas and beans 
which had received applications of lime, phosphatic slag, kainit and 
nitrate of soda, together with small quantities of fertile loam from 
fields that had previously born good crops of these plants. 

In this case it was probable that the soil was deficient in nodule 
producing bacteria. Freewith’ found that in plots containing lu- 
pines, and inoculated with lupine soil at a rate of 1,600 to 3,200 
pounds of earth per acre, there was an increase in yield of stems, 
leaves and hulls of from 67 to 72 per cent: In plots containing ser- 
radella, and inoculated with serradella soil, at the rate of 80 pounds 
to the acre, there was an increase of yield of fodder of from 41 to 
282 per cent. : 

In the latter case tubercles were found on the roots of the plants 
grown in inoculated soil, while they were absent in those grown on 
uninoculated land. In this case there must have been an absence or 
deficiency of the proper organisms present, which were supplied by 
the soil inoculations. 

Soils which have been previously uncultivated are more likely to 
respond to soil inoculation than those which have been under tillage. 
Thus Schniftes’™ found that when cultivated clay soil was inocu- 
lated with earth containing bacteria from the root tubercles of 
lupines no favorable results were obtained. But when soil pre- 
viously uncultivated was inoculated in the same way the increase 
of yield was from 11 to 32 per cent. 

Otis, of Kansas states that soy beans have been grown for eight 
years at the Kansas Station, but during that time tubercles were not 
found on their roots. Accordingly he secured soil from Massachu- 
setts in which tubercle bearing soy beans had been grown. This 
soil was used to inoculate the Kansas soy beans. AI] the inoculated 
plants showed tubercles; there was also, as compared with uninocu- 
lated plants, a greater diameter of the lower part of the stem. Analy- 
ses of the crop showed also a slight increase in nitrogen, protein and 
water content. 
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Instead of soils, use has recently been made of cultures of the 
bacteria found in the root tubercles. Such cultures have already 
become a commercial product under the name of Wtragin. 

The organisms are grown upon a specially prepared gelatin me- 
dium. Cultures from different legumes are made and sold, so that 
the proper organisms can be supplied for any given leguminous 
plant. 

In using the cultures, the tubes containing them are placed in 
luke-warm water having a temperature of about 90 degrees F., to 
melt the gelatin and disseminate the germs throughout the medium. 
This is then mixed with a small quantity of water, and in this the 
seed is immersed previous to sowing, or the diluted cultures can be 
mixed thoroughly with earth and the latter sown broadcast over the 
land, immediately after the seed is sown. In immersing the seed in 
the solution the germs are brought into immediate contact with the 
ceveloping plant, when root infection is more apt to follow. 

The experiments on the use of nitragin have been so extensive 
and varied that it will be unprofitable to detail them here. Fur- 
thermore, the results have been so contradictory that confusion is 
likely to overwhelm the reader were we to review them. 

In many cases increased yields have followed the use of nitragin, 
in others no benefit has resulted. Perhaps the failure in many 
cases has been due to the use of inactive nitragin, but, in most in- 
stances, it was likely owing to the fact that the necessary organisms 
were already abundantly present in the soil. 

The question of the inoculation of soils, either with soils or with 
nitragin, therefore, resolves itself into one of whether the necessary 
organisms are already present. 

In the cases where beneficial results have been attained, the soils 
on which it was used was either barren or otherwise below the 
standard of what might be classed as fertile soils. In the case of 
poor, sandy or worn-out lands, nitragin will doubtless be useful in 
initiating a good growth of any particular legume, until by a first 
crop the soil shall become well supplied with the necessary bac- 
teria; after that there would be no advantage in its further use. 
In ordinary arable land some form of the tubercle organism is prob- 
ably present in proper numbers to infect the roots to a degree suffi- 
cient at least to stock the soil with organisms of the proper viru- 
lence for another season. 

Cases where nitragin is advisable are, therefore, the exceptions 
rather than the rule, and on this point no hard and fast lines can 
be drawn. The indiscriminate use of nitragin has led to many 
failures and disappointments. Like all good things when wisely 
used it is useful, but when used without judgment it is liable to 
meet with unjust condemnation. 
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7. INCREASE OF THE NITROGEN CONTENT OF SOILS. 


It is a familiar fact that land left to itself in an undisturbed con- 
dition increases in fertility from year to year. In the forests and 
prairies of our own country we have profited by the accumulated fer- 
tility of centuries, and much of our present National wealth we owe 
to those biological processes of the soil we are about to enumerate. 

By these we mean the ability of the soil to accumulate nitrogen 
through the agency of microscopic organisms, and the lower classes 
of plants. Every observer is familiar with the growth of lichens on 
bare rocks on which no organic food, much less nitrogen in any ap- 
preciable quantity, is present; and yet such plants contain nitrogen 
and contribute it to the thin mantle of soil which slowly accumulates 
over rocky surfaces. 

Fungi are frequently found on sterile sand in which only an in- 
appreciable quantity of nitrogen is present, and yet they may store 
up in their tissues quantities of nitrogen greatly in excess of what 
the soil is able to furnish. 

Mulder showed that moulds grown upon non-nitrogenous sub- 
stances always contain protein, and his experiments are quoted by 
Storer. 

In aqueous solutions of sugar left “for three months in stoppered 
bottles, with a seven fold volume of air, an abundance of mould grew, 
which, on being collected and subjected to dry distillation gave off 
large quantities of ammonia. So, too, starch kept under water in a 
bottle that contained air soon fermented, and the fungus which it 
had nourished gave off ammonia on being distilled.” 

It is now generally recognized that fungi, microscopic algae, and 
perhaps other of the lower cryptogams, possess greater or less power 
of fixing atmospheric nitrogen. 

Bertholet™ held, and, in fact demonstrated, that certain micro- 
scopic organisms of the soil do appropriate the free nitrogen of the 
air. During the growing season, in clayey and sandy soils, he ob- 
aerved a slow but continual fixation of nitrogen from the air. This 
increase, furthermore, failed to take place when the soils were steri- 
lized by heating them to 230 degrees F. From this it was con- 
cluded that the fixation of nitrogen was due to certain micro-organ- 
isms which were destroyed by the heat. Bertholet, from his labora- 
tory experiments, calculated that as much as 75 to 100 pounds of ni- 
trogen per acre could be fixed in this way, and in two exceptional 
cases as high as 525 and 980 pounds to the acre. 

A number of chemists, notably, Koenig, Kiesow, Armsby, Birner, 
Kellner, Dehérain and Avery™ found that when organic matter in 
one form or another undergoes fermentative changes of a putrefac- 
tive character, there was frequently an increase of nitrogen in the 
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fermenting substance. This was particularly marked when the 
materials were kept alkaline with carbonate of soda or lime. 

The explanation given for this increase was that a combination of 
nascent hydrogen evolved during the fermentation took place with 
the free nitrogen of the air by which ammonia (N H,) was produced. 

It is known that hydrogen is a common product of putrefactive 
fermentation, and it is highly probable that when such putrefactive 
changes take place in the soil there is a certain fixation of atmos- 
pheric nitrogen. 

The claim of Bertholet that micro-organisms of the soil possess the 
power of utilizing free nitrogen led Winogradsky™ to test the vali- 
dity of this assertion. Of 15 separate species of soil bacteria isolated 
by him only one of them was able to assimilate nitrogen to any ap- 
preciable degree. To this he gave the name Clostridium pasteu- 
rianum, 

Cultures of the latter were made in saccharine media free from 
combined nitrogen, in which the organism grew, apparently de- 
pendent upon the free nitrogen of the atmosphere for their food. 
The conclusion which the author reaches, however, is that the power 
of fixing nitrogen is not general among micro-organisms. 

Since Winogradsky’s investigations of the above, a few others 
have been isolated which are capable of fixing free nitrogen, notably, 
Bacillus cllenbachiensis, which is now sold in the form of cultures 
known as alinit. 

The fact that but few species of bacteria possessing the power of 
utilizing free nitrogen have been found is no argument that they do 
not exist in the soil, and the fact that soils do make appreciable gains 
in nitrogen is indication that the necessary organisms must be pres- 
ent. 

From a practical standpoint the matter has little significance, since 
the gains of soils from this source are in a single year inconsiderable 
as compared with those which can be so readily brought about by 
the growth of legumes. 

Yo effect results of momentous importance their action must cover 
long periods of years such as have passed before the advent of Eu- 
ropean agriculture on the American continent. 


8. THE USE oF ALINIT. 


All great discoveries are likely to lead to spasmodic efforts to 
revolutionize agriculture, and the climax has been reached in the 
effort to seed on soils with nitrogen assimilating bacteria by the use 
of alinit. 

Alinit is a culture of Bactllus ellenbachiensis, which organism 
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is claimed to possess the power of utilizing atmospheric nitrogen. 
It is supposed to be particularly valuable in the growth of the 
cereals which lack the power of utilizing free nitrogen. 

In the use of alinit, both beneficial and indifferent results have 
been obtained, but the experience in its use have not been as yet ex- 
tensive enough to warrant definite conclusions being drawn regard- 
ing its value; but from a theoretical standpoint there is little to 
recemmend it. 

B. ellenbachiensis is probably identical with B. megatherium* 
which is commonly present in soils, in which case nothing new is 
added to the soil by its use. Furthermore, of the myriads of bac- 
teria present in a handful of soil, the addition of a relatively in- 
finitesimal quantity of alinit would be like a drop of water added 
to a reservoir, and in the struggle for life between these myriads of 
soil bacteria there is a question whether one B. ellenbachiensis ina 
million other forms would be certain of a maintained existence, or at 
any rate be liable to multiply to a degree in excess of the others, suf- 
ficient to produce appreciable results. 

If soil bacteria in general, as is probably the case, have any im- 
portant relation to nitrogen assimilation, more is to be gained in 
following those methods already set forth, which aim to provide for 
the best development of soil bacteria in general. 

At best, the gain of nitrogen from the use of artificial cultures, 
or from the stimulation of the development of any nitrogen assimi- 
lating bacteria already present, will be far below the demands of 
agricultural plants, and also inferior to the means which we have in 
the utilization of leguminous plants in our systems of rotation. 


9. ReceNT RESEARCHES ON NITROGEN ASSIMILATING BACTERIA OF 
Sorts. (OLIGONITROPHILES. ) 


In 1901, Beijerinck} made a most important contribution to our 
knowledge of nitrogen assimilating bacteria of the soil. To this 
class of organisms he gives the name Oligonitrophiles. 

To the oligonitrophiles belong two classes of organisms (1) the 
lowest microscopic algae, the Cyanophyceae and (2) the bacteria. 

He showed that by seeding soils to solutions containing tap-water 
and K, H Po, and exposing the cultures to the light, an abundant 
growth of certain Cyanophycae would result, and that certain of 
these possessed quite active nitrogen assimilating properties. 

By seeding soils into solutions containing potassium phosphate, 
carbonate of lime and some carbohydrate such as dextrose or mannit, 


*Since the above was written, Severin has probably shown that B,. ellenbachiensis is a dis- 
tinct species distinct from B. megatherium. See Centralblatt f. Bakteriologie, 2 te. Abt. VITT. 
1901 


" +Beijerinck. Centralblatt f. Bakteriologie, 2 t Abt. VII. 1901. 582. 
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and protecting from the light, a growth began to develop on the 
surface of the medium composed of a peculiar large, round to oval 
celled organism, not unlike yeast cells, to which he gives the name 
Azotobacter Chroocrccum. This latter organism Beijerinck found 
later on to bear a most important relation to nitrogen assimilation. 

A little later Gerlach and Vogel* succeeded in isolating from gar- 
den soil the Azotobacter of Beijerinck. 

In the medium composed of dextrose 2 parts; patassium phosphate, 
sodium chloride, calcium chloride each 0.5 parts; and ferrous sul- 
phate 0.1 part, they isolated and grew this organism in pure culture. 

Analyses of the culture at seeding, and after three weeks growth 
showed a gain of 5.1 to 18.0 grams of nitrogen in 1,000 c. c. of culture. 
According to these investigators Azotobacter Chroococcum appeared 
to possess, when growing in pure culture in nitrogen free media, the 
power of utilizing free atmospheric nitrogen. 

In a later communication, however, Beijerinck challenges this as- 
sertion, claiming that the cultures of the former authors were not 
pure cultures of Azotobacter, but mixed with other forms very dif- 
ficult to separate. 

Furthermore, Beijerinck showed that Neeinnndest alone, in pure 
culture, was devoid of nitrogen assimilating power, and possessed it 
only when growing in symbiosis with other forms. 

Beijerinck in his study of the Oligonitrophiles of the soil, or of 
those organisms which grow in media containing mineral salts and 
some carbohydrate such as dextrose or mannit, and therefore devoid 
or containing but a trace of nitrogen, isolated three types of bac- 
teria—(1) The Azotobacter, with which is associated (2) several 
species of Granulobacter, and (3) Radiobacter. 

The Azotobacter is a strict aerobe and grows only on the surface 
of the medium. It is what the author terms a macroaerophile. 

The Granulobacter are large spore bearing bacilli of the Clostri- 
dium type, and when grown in saccharine media show the granulose 
reaction. They, therefore, belong to the same type as Clostridium 
pasteuranum of Winogradsky. 

The Radiobacter, characterized by their polymorphic habit, and 
commonly radiate arrangement of the cells, are, possibly, closely re- 
lated or identical with B. radicicola of leguminous root tubercles. 

Both Granulobacter and Radiobacter while they do grow singly, 
grow best in symbiosis with Azotobacter. 

Furthermore, both Granulobacter and Radiobacter singly possess 
only feeble or negative nitrogen assimilating properties, but when 
grown in symbiosis with Azotobacter there is a gain of nitrogen of 
from four to seven milligrams per gram of sugar, in the medium, as- 
similated. 


*Gerlach and Vogel. Centralblatt f. Bakterfologie, 2 t Abt. VIIT. 1902. p. 674. 
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Nitrogen assimilation, therefore, appears to be the work, not of a 
single organism, but of two or more growing in symbiotic relationship 
to one another. 

Symbiosis is a term which has been frequently misapplied, it be- 
ing confounded with mixed infection, and concurrent growths of two 
organisms. Mutual advantage should be the test of symbiotic re- 
lationship. Two organisms which grow together, grow symbiotically 
when they live to mutual advantage. An aerobe, or macroaerophile, 
in its greed for oxygen robs the medium of this element, and makes it 
better fitted for the development of an anaerobe. Thus B. subtilis 
and B. tetan? may grow together in the same medium to their mutual 
advantage, or in symbiotic relationship. Frequently we do not 
understand in what this mutual advantage consists, although the 
fact exists as in the symbiotic relationship of clover to the root 
tubercle organisms. 

Beijernick some years ago pointed out that certain organisms, 
while not strictly anaerobes, thrive best under a diminished supply 
of oxygen, or in other words, under diminished pressure of atmos- 
pheric oxygen. 

These organisms he terms Wicroaerophiles. 

If some form of Microaerophile be included in a hanging drop, 
the bacteria instead of grouping themselves at the periphery of the 
drop, as in the case with the aerobes or macroaerophiles, will keep 
within a circle some distance within the so called respiration line 
where there is diminished oxygen pressure. 

Beijerinck showed that the Granulobacter are microaerophiles, 
and, as such, grow best when associated with some macroaerophilitic 
form like Azotobacter, which by its urgent demand for oxygen is 
capable of ridding the medium of that portion of oxygen which in its 
fullness would be unfavorable to the development of the Granu- 
lobacter. 

Nitrogen assimilation, therefore, not only becomes a question of 
two organisms living in symbiosis, but of two organisms possessing 
distinct physiological properties; of Macroaerophiles with micro- 
aerophiles. 

Whether their exact relationships are always necessary is, how- 
ever, a question which may be reasonably doubted. 
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SOME COMMON INSECT PESTS OF THE FAR- 
MER. 


By H. T. FERNALD, PH.D., Department of Entomology, Massachusetts Agricultural College, Amherst, 
Massachusetts. 


The loss to crops caused by the attacks of insect pests is rarely ap- 
preciated. A quarter of a century ago even those who studied the 
subject considered this loss as being about one-tenth of the total 
crop. To-day this is recognized as being too low and estimates of 
fifteen, twenty and even twenty-five per cent. are often met with. 
Whether the earlier estimates were too low, seems doubtful, it being 
more probable that the actual amount of loss has increased with the 
increase of continuous acreage taken by man; by the introduction of 
over seventy-five of the worst pests of foreign countries; and by the 
decrease in number of our insectivorous birds. To-day every acre 
tilled, every fruit tree, every vine and every stalk of grass contributes 
of its substance for the sustenance of insects, and it is probable that 
hefore many years pass, every crop must be so treated as to prevent 
loss by their ravages, if any profit whatever is to be obtained. 

Some of the most frequent and seriously injurious insects with 
which farmers in Pennsylvania meet are considered in this paper, 
and, in order to combat these insects intelligently, a knowledge of 
their lives is necessary; hence a brief outline of the life history is 
given in each case, in addition to the methods of treatment most 
generally found to be successful. 


THE HESSIAN FLY. 


(Cecidomyia destructor Say.) 


The Hessian Fly is an insect which causes great loss to the wheat 
crop in Pennsylvania as well as in all the wheat raising States. This 
loss varies in amount from year to year; but is always considerable 
and may be as much as three-quarters of the entire crop. 


Fig. 1.—The Hessian Fly.—A, Male Hessian Fly, much enlarged; B, Female, also much en- 
larged; C, eggs; D, maggot; E, Flaxseed stage; F. piece of stalk showing fly, natural size, laying 
eges; G, stalk of wheat injured at a, by the fly. The fine lines beside C. D. and E. show the true 
length of these stages, the drawings being enlarged.—(Modified from Riley.) 
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Life History. 


There are two broods of this insect each year. The adult flies 
usually appear in August and September and lay their eggs on the 
leaves of the little wheat plants, placing from one to twenty-five or 
thirty eggs on a leaf and laying from one hundred to one hundred and 
fifty eggs in all (Fig. 1, F.). The eggs are very small, reddish, oval 
in outline (Fig. 1, C.), and usually hatch in four or five days, produc- 
ing tiny white maggots which crawl down the leaf to the stem, then 
down between the stem and leaf sheath to the joint near the level of 
the ground. Here they remain, sucking the sap until cold weather 
comes, by which time they will have become about an eighth of an 
inch long (Fig. 1, D.). They then turn brown and become the well- 
known “flax seeds” so common in wheat fields during the winter. 
In this condition (Fig. 1, E.) they remain till spring when changes 
inside ‘the “fiax seed” produce the fly which escapes to lay eggs for 
the second or spring brood. 

The eggs of this brood are laid as before on the leaves of the wheat, 
but usually higher than those laid in the fall, so that the maggots 
which hatch from these eggs lie above the ground level, just above 
the lower joints. Here they remain feeding for about a month, then 
enter the “flax seed” stage, from which the adult flies appear in Au- 
gust and September to lay their eggs on the young wheat plants 
which have newly come up. 

The adult fly is about the size of a mosquito, with dusky wings 
(hig t) A® BF). 


Food Plants. 


The favorite food plant of the Hessian Fly is wheat, though it 
also attacks rye and barley. In some cases it has been reported as 
working in hay fields, but this is probably incorrect. Winter wheat 
on which the maggots are feeding has much darker colored leaves 
than plants unaffected, and tends to stool out freely causing the 
plants at first to appear particularly healthy. Later, however, the 
plants turn yellowish and die either in part or entirely. Injury to 
plants in the spring is chiefiy shown by a weakening of the stems and 
an at least partial failure of the grain on the affected stalks to fill out. 
The laterals—tillers—which escaped the attacks of the fall brood are 
usually the ones injured by the spring brood. 


Enemies. 


There are several insects which prey upon the Hessian Fly. Un- 
fortunately, they cannot be relied upon to protect the wheat, but only 
to somewhat reduce the loss, and methods for checking the work of 
the fly are also necessary. 
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Treatment. 


There are several ways in which the injuries caused by the Hes- 
sian Fly may be reduced, though no one of these is of itself suffi- 
cient to give entire protection, 

Late fall planting is generally a method of control which is quite 
successful. The fiies appear during the latter part of August and 
first of September and by the last of the latter month have died. If 
the wheat be planted as late as the twentieth of September, there- 
fore, the flies will be gone before it has come up and no eggs will be 
laid upon it in most cases. Unfortunately, however, this date is not a 
fixed one for different latitudes and elevations. In southeastern 
Pennsylvania it might be necessary to delay planting for a week or 
more after this date, while in the higher lands of the northern parts 
of the State sowing could perhaps begin as early as the tenth of the 
month with success. 

The fear that wheat sown as iate as the twentieth of September 
will suffer the following winter is practically groundless, as a large 
amount of growth is unnecessary, for the above ground portions are 
mostly destroyed in any case. 

One factor bearing on the date at which wheat should be sown to 
escape the attacks of the fly, is that of the weather conditions. A 
hot, dry August seems to delay the fall brood of this insect, which 
accordingly appears later than usual and is able to attack the late 
sown wheat. This was noticeably the case in Pennsylvania in the 
fall of 1900, and in some cases at least, threw discredit on the plan of 
late planting. 

If sowing after the twentieth of September be practiced, it is quite 
important to have co-operation with all wheat-growing neighbors. 
If ten or a dozen wheat-growers should agree to plant late, and oue 
should refuse, the fly will find abundant opportunity to iay its eggs 
on the wheat of the latter and thus produce a supply of insects which 
will, the following spring, spread to the surrounding wheat fields 
and lay their eggs for the spring brood, thus rendering late plant- 
ing the previous fall a failure, at least in part. 

A trap strip of wheat planted early in August is an excellent, but 
too seldom used, method for controlling this insect in connection with 
late planting. Such a small strip sown along one side of the field 
which is to be planted later will be available for the flies to lay 
their eggs on, and after egg laying has been accomplished the flies 
very soon die, or if they should live would of course no longer be 
dangerous to the main crop. This trap strip should be plowed under 
before the wheat in the field comes up, thus destroying multitudes of 
the young. 

Burning the stubble soon after reaping is a valuable treatment, as 


i a 
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Fig 2.—The Wheat-stem Maggot. Adult fly above at left; injured stalks of 
wheat; piece of stalk split open showing maggot at work; maggot enlarged, 
and a parasite. Fine lines beside the figures show the true length. (From 
Lugger.) 
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the spring brood of the fly develops at the lower joints of the wheat 
and a great many “flax seeds” of this brood will be left in the field 
at harvesting time. Turning the stubble under is also of value 
where burning it would be difficult, provided the ground be then 
rolled so that the flies which come from the “flax seeds” will be un- 
able to reach the top of the ground. Some varieties of wheat are 
more resistant to the attacks of the fly, than others. Among these 
are the Clawson, Mediterranean, Red Cap, Underhill, Dawson’s 
Golden Chaff and Prosperity. 

The destruction of volunteer wheat is important, as many flies pass 
the summer in such plants. 


THE WHEAT-STEM MAGGOT OR WHEAT BULB WORM. 


(Meromyza americana Fitch.) 


The wheat-stem maggot has long been known as an enemy to 
wheat in Pennsylvania, but its habits and injuries so nearly resemble 
those of the Hessian Fly, that its work is usually supposed to be 
that of the latter insect by those not familiar with it. 


Life History, 


This insect attacks wheat, barley, oats and various grasses. The 
adult fly deposits its eggs on the wheat in September and October 
and the maggots which soon batch crawl down to some joint near 
the bulb and feed upon the stalk, cutting it off. They pass the 
winter in the stem, become quite pupz in April or May and the 
adults emerge from these pup early in June. These adults usually 
deposit eggs on the sheath of the upper leaf and the maggots which 
hatch from them feed on the stem near the upper joint, causing it 
to wither, and the heads to turn white. The adults produced from 
these maggots appear in July and early August and their young at- 
tack timothy, blue grass ,volunteer wheat, etc., and mature in time 
to produce adults which deposit their eggs in September and Oc- 
tober, as already stated, on the young winter wheat. There are, 
therefore, three broods each year. 


Treatment. 


Little that is successful has yet been discovered in the way of treat- 
ment for this insect. Late planting is useless as the insects may 
lay their eggs as late as the middle of October. The summer brood 
is probably the best place in the life of this insect at which to attack 
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it. This brood teeds on volunteer grain and grasses and if a trap 
strip of wheat were planted about the fifth of July it would pro- 
vide a place for the insects to lay their eggs. This trap strip should 
be plowed under about the middle of August thus destroying all the 
insects which were in it. Whether this treatment will pay, how- 
ever, can only be determined in each case by the amount of loss 
caused by this insect. 

Fortunately, the wheat-stem maggot is not without enemies which 
attack it in such numbers as to prevent its injuries being far more 
serious than is usually the case. 


THE ARMY WORM. 


(Heliophila unipuncta Haw.) 


This well known pest preferably feeds upon grasses, and wheat, 
oats and corn are therefore favorite articles of food. As it is not 
limited to these food plants, however, it frequently is seriously de- 


Fig. 3.—The Army Worm Moth, natural 
size. 


structive to clover, peas, apples, cucumbers, barley, rye, etc. With 
such a range of plants to feed upon, it is fortunate that this insect 
is not often seriously abundant for more than a year or two at a 


time. 
Life History. 


The eggs of the Army worm are laid in the spring and the cater- 
pillars which hatch from them become adult moths in June. These 
moths lay their eggs for a second brood and the caterpillars of this 
brood are often so abundant as to do much damage during the month 
of July. About the end of this month, however, the caterpillars 
become full grown, cease feeding, enter the ground to pupate and the 
moths which emerge from them appear in August and lay eggs for 
a third brood. The caterpillars of this brood are sometimes so 
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abundant as to cause much injury, but it is more usually the case 
that those of the second brood are the ones whose ravages are most 
seriously felt. The caterpillars of the third brood usually reach 
the moth stage before winter, but those which fail to develop so 
far, pass the winter in whatever condition they may happen to be 
and become adult the following spring. It is possible that in south- 
ern Pennsylvania a fourth brood may be able to develop, particularly 
in years when there is a late fall. 


Injuries. 


The first brood of caterpillars does but a moderate amount of dam- 
age, eating holes in the leaves. When the food available has all 
been eaten, the caterpillars search for more, starting off together 
and forming the “armies” which have given to this insect its name. 
This almost never occurs with the first brood, however, and only 
ut intervals of several years with the second or third broods, the in- 
sects not being usually so abundant as to exhaust their food supply. 
Upon reaching food, the caterpillars begin their work and strip every- 
thing as they go, and when full grown, either under ground or among 
leaves and grass, become quite pupz from which the moths sub- 
sequently emerge. 


Parasites and Treatment. 


The Army worm has a number of parasites which feed upon it 
and their activity is probably the reason why this insect is not 
more often a serious pest. Among its most efficient foes are two 
kinds of flies which occur in large numbers where the Army worm 
is abundant. 

Parasites, however, sometimes fail to destroy enough Army 
worms to prevent much loss, and in such cases, treatment must be 
resorted to. Where a field is thoroughly infested by these pests, 
little can be done, but when the caterpillars begin their march for 
more food, an excellent practice is to plow a furrow across their line 
of march, throwing the earth towards the advancing army. In order 
to cross this furrow each caterpillar must crawl over the loose earth 
thrown up, then cross the bottom, and finally crawl up the steep 
side. At intervals of a few feet along the bottom of the furrow, holes 
may be dug (or bored with a post hole auger if the ground will per- 
mit) and many of the caterpillars will collect in these holes, which 
may with advantage be made as much as two feet deep. A band of 
gas tar placed along the bottom of the furrow may be used to hold 
the caterpillars, when it can be obtained, and sometimes straw scat- 
tered along in the furrow and set on fire when covered by the cater- 
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pillars has proved useful. When the army is large, two furrows a 
few feet apart may be needed to check its advance. 

Sometimes the progress of the caterpillars can be checked by 
heavily spraying a strip of field at the edge they are approaching, 
with Paris green. The insects coming to this strip first, feed upon 
it and are poisoned. Care should be taken, however, in such cases, 
not to feed any of that part ef the crop thus sprayed, to stock. 


WIRE WORMS. 


(Elater sp.). 


The injuries caused by wire worms are frequently quite serious, 
and as the work of these insects is upon the roots of plants it is diffi- 
cult to control them. In reality, wire worms are not adult insects, 
but the young of “Snapping beetles” or “Click beetles” as they are 


Fig. 4.—Wire Worms. B, side view of a wire worm; A and C. 
adult of wire worm (click-beetles). 


often called, from the habit they have when placed on their backs, of 
suddenly “snapping” themselves in such a manner as to throw them- 
selves into the air, when they in most cases can fall on their feet. 

There are many kinds of snapping beetles in the United States 
and a corresponding number of kinds of wire worms, their young. A 
few live under the bark of trees or in decaying wood; most, however, 
jive in the ground and feed upon seeds and the roots of various plants, 
often causing much loss. 

Life History. 


The eggs of these insects appear to be laid in the spring usually 
and from them the little wire worms soon hatch and begin to feed. 
It generally takes several years before the little wire worms have 
fed enough to become full grown, but when this condition has been 
reached each forms a little cell in the ground, during the latter part 
of the summer, and in this cell changes to an adult snapping beetle, 
which remains in the cell till the following spring. 


No. 6. DEPARTMENT OF AGRICULTURE. 393 


Treatment. 


Treatment for this pest is not usually possible by means of 
poisons though in some cases their numbers might be reduced by 
such methods. 

Probably the best way in which to control wire worms is by late 
fall plowing, repeated for two or three years. This destroys the 
wire worms by bringing them up to the surface of the ground where 
exposed to the freezing and thawing of the winter, many will perish 
or be devoured. Breaking the cells above described appears to cause 
the death of the insects which occupy them, and thus fall plowing 
is useful for the destruction of this stage as well. Rotation of crops 
is unfavorable to the increase of wire worms and should also be prac- 
ticed for this reason if for no other. 


THE ANGOUMOIS GRAIN MOTH. 


(Sitotroga cerealella Oliv.) 


This insect is an important enemy to wheat and corn in Penusyl- 
vania, often causing much loss, particularly when appearing dur- 
ing the fall after the attacks of the Hessian Fly have greatly reduced 
the amount of wheat produced. 

The Angoumois grain moth has been present in this country for 
many years, being most injurious in the south where the longer sea- 
sons permits a greater number of broods than is possible in northern 
latitudes. In Europe it is also a pest and takes its name from a 
province of France where it has caused much loss. 


Life History. 


The moth of this insect is very small, about the size of the clothes 
moth, and yellowish in color. It appears in the spring, usually dur- 
ing ‘May and June, and lays from sixty to ninety eggs. These are 
laid separately and if on wheat, are placed in the furrow on the side 
of the kernel itself, one on each grain. The little caterpillar which 
hatches from the egg bores into the grain and feeds upon its con- 
tents until it is full grown, this process requiring about three weeks. 
At the end of this time the caterpillar is about one-fifth of an inch 
long and little of the grain is left except an outside shell. The cater- 
pillar now cuts a part of a circular slit in this shell, leaving just 
enough of the circle uncut to hold the piece in place, and then forms a 
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silken cocoon around itself within the grain. In this cocoon it trans- 
forms from the caterpillar to the moth and when this change has been 
completed the moth pushes out the circular piece cut by the cater- 
pillar in the surface of the grain, and escapes. This usually occurs 
in August, and the moths, therefore, find themselves either in the 
stack, when threshing has not yet been completed, or wherever the 
grain has been stored. They now proceed to lay the eggs for a 
second brood which has a similar history. The work of this brood, 
like that of the first, is generally overlooked until the moths ap- 
pear, at which time the abundance of the little “millers” around the 
bins and granaries, and the holes in the grains become noticeable. 
If the temperature of the place where the grain is stored be high 
enough, the moths lay their eggs for a third brood and if conditions 
permit will continue breeding through the winter. Usually, how- 
ever, in Pennsylvania but two broods occur, and the insect passes the 
winter in whatever stage it happens to be when cold weather over- 
takes it. 


Parasites and Treatment. 


There are two foes to the Angoumois grain moth in Pennsylvania 
—a mite, and a minute insect known as Catolaccus. The latter has 
been quite abundant in this Commonwealth and has prevented some 
loss, but has failed to control the grain moth. Treatment should 
therefore be resorted to. 

For the first brood of the grain moth nothing can be done as the 
insect is working inside the grain while it is yet uncut in the fields. 
After harvesting, however, the second brood can be cheaply and 
easily handled. 

In order to successfully treat the grain at this time, it is desirable 
to thresh it as soon as possible after harvesting. Then when the 
grain has been placed in the bins it can be fumigated with carbon 
bisulfide and all the insects destroyed. 

To properly use the carbon bisulfide, the following directions 
should be followed: See that the bin is tight and that it can be closed 
so as to be fairly tight at the top, though this is less important. 
Place shallow dishes on the top of the grain and pour the carbon 
hisulfide into these; then close the bin and leave it undisturbed for 
twenty-four hours, after which the cover may be lifted and the bin 
left to air for an hour. Now stir over the grain to find if all the in- 
sects have been killed, and if any remain (which is not usually the 
case) repeat the treatment. 

The quantity of carbon bisulfide to use depends on the size of the 
bin, the usual amount being one pound (costing twenty-five or thirty 
cents) to every thousand cubic feet contained in the bin. Thus one 
pound would be sufficient for a bin ten feet wide, ten feet long and 
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ten feet high, and the amount of grain contained in it does not mat- 
ter. To advantageously use the bisulfide in a bin, it may be di- 
vided between several dishes set on top of the grain, and as it be- 
gins to pass off as a gas into the air at once, the lid should be closed 
as soon as the bisulfide has been placed in the dishes. The gas it 
forms is heavier than the air and sinks through the grain, killing 
all the insects it reaches. 

Two precautions in using this method should be mentioned. 
Avoid breathing the gas as far as possible as it is very disagreeable 
and in sufficient amount might be injurious. Avoid using the gas 
near flame or much heat of any kind as it catches fire easily and a 
lighted pipe in the mouth of a workman close by, or a lighted 
lantern within a few feet of the bin during the time treatment is go- 
ing on might produce serious results. No injury of any kind is 
caused to the grain by this fumigation, and seed wheat seems to be 
as good for sowing afterwards as before. 

This method of fumigation is also excellent for the destruction 
of the pea and bean weevil and other insects, and can also be used 
for the destruction of insects in cereals, meal, ground tobacco, and 
in fact in anything which can be placed in a box or bin tight enough 
to prevent the escape of the fumes of the bisulfide for a period of a 
day or more. 


THE CODLING MOTH. 


(Cydia pomonella Linn.) 


The Codling moth is perhaps responsible for more of the loss to 
our apple crop than any other insect. Its caterpillar, generally 
called the “apple worm,” begins its attack soon after the fruit forms 
in the spring and destroys multitudes of apples before they are more 
than one-third grown. These are seldom taken into consideration, 
only those which are wormy later in the season being noticed. But 
these form a large proportion of the gathered crop where no treat- 
ment for the control of this insect is carried out, and the loss in the 
form of second or third class, where first class fruit could otherwise 
be obtained, reaches millions of dollars nearly every year—a loss 
which is wholly unnecessary as it can in large measure be avoided. 


Life History. 


The Codling moth spends the winter in the caterpillar stage 
snugly hidden under some loose piece of bark on the trunk of the 
apple tree or in equally protected places near by. In April usually, 
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the caterpillar becomes a quiet pupa the skin of which is dark brown, 
and in this form remains for two or three weeks. At the end of 
this period the pupa opens and the adult Codling moth appears soon 


Fig. 5.—Apple, cut to show work of Codling Moth, with 
caterpillar leaving, at the side. Natural size. 
after the apple blossoms have fallen and the fruit which has ‘set” 
is beginning to enlarge. The eggs are now laid, one in a place, on the 
side of the apple, on its stem, or on a twig or leaf near by, a single 
moth laying between fifty and a hundred eggs. These eggs hatch 
in about a week and the tiny caterpillars craw] to the fruit to begin 
feeding. Probably about eighty out of every hundred of these cater- 
pillars enter the apple at the blossom end which now faces upward 
or outward, but which as the apple grows larger will turn down with 
it until it is beneath the apple. Here at the blossom end of the fruit 
the caterpillar crawls in between the five little green projections 
(calyx lobes) which later dry up and turn black, and begins to eat into 
the substance of the apple, usually working to and around the core 
where it feeds for nearly a month or until it is full grown. It then 
eats its way to the outside of the apple and leaves it to find a place 
in which to become a pupa. If the apple it has fed in be still on the 
tree, the caterpillar on leaving it will probably crawl down the trunk 
until it finds a piece of loose bark beneath which it can crawl. Here 
it gnaws out an oval hollow in the bark, lines it with silk and be- 
comes quiet. If the apple has fallen, however, any protected place 
the caterpillar can find will be taken in which to form its silk co- 
coon. This change usually occurs during July and the caterpillar 
may either remain quiet until the following spring, or in some cases 
become a pupa from which the adult moth soon comes to lay eggs for 
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a second brood. It is probable that both of these alternatives occur 
in Pennsylvania, some of these insects having two broods each year 
while others have but one. In cases where there is a second brood 
the eggs are laid in August or September, and the caterpillars feed 
as is the case with the spring brood except that a much smaller pro- 
portion appear to enter the fruit at the blossom end. If the cater- 
pillars reach full growth before the apples are gathered they leave the 
fruit and conceal themselves under bark or elsewhere as already de- 
scribed. If carried in the apples to the bin, however, they find 
places in which to pass the winter, in crevices of the bin, or any 
place which may be available, forming pup# there in the spring, 
like the others. 


Treatment. 


From the life history above outlined, the best treatments avail- 
able for this insect are evident. As the majority of the caterpil- 
lars feed first at the blossom end of the apple, and as these ends face 
upward at this time, spraying a few days after the blossoms fall, 
with Paris green or arsenate of lead, will, if properly done, place a 
little of the poison in the blossom end between the calyx lobes, just 
where the caterpillars will begin to feed. This method of treatment 
has been successful wherever tried. One precaution is necessary, 
however. The calyx lobes at first stand apart, making a sort of 
cup into which to spray the poison. Afier a short time, however, 
they draw together closing this cup and it is then too late to spray 
in this manner with success. 

The habit the caterpillar has of crawling down the trunk of the 
tree and hiding under some loose piece of bark during July, also gives 
un opportunity for treatment. The bark of the trunk and larger 
limbs of each tree should be carefully scraped about the twentieth 
of June, to leave no places under which the caterpillar can hide. 
Then a band of several layers of paper loosely tied around the trunk 
will provide a place in which they may gather. If these bands be 
turned over once a week during July and the first of August, and the 
caterpillars destroyed, many will be prevented from becoming adult 
to cause loss later. Birds aid in this work, often regularly visiting 
these bands and feeding on the caterpillars. 

Fowls in the orchard destroy many of the caterpillars which have 
fallen to the ground in the fruit; careful cleaning of the apple bins 
and other places near where apples have been stored, early in the 
spring, will destroy many more, and if all these methods are made 
use of, the increased profit from the sales will many times more 
than pay for the cost and labor involved. 
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THE APPLE-TREE TENT CATERPILLAR. 


(Epicnaptera americana Harr.) 


This familiar pest on our apple trees is of importance only when 
neglected, as its presence becomes evident at an early stage. It 
feeds on the cherry, plum, peach and wild cherry as well as on the 
apple, and its tents at once call attention to its presence whenever 
they appear. It should be remembered, however, that the teuts of 


Fig. 6. -Tent of Apple-tree Tent Caterpillar. On the lower branch 
at the right is the egg mass from which the caterpillars hatched. 


this insect appear in the spring, while similar ones which become 
poticeable in the summer and fall are produced by other kinds of 
insects. 
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Life History. 


The eggs of the apple-tree tent caterpillar are laid in July in the 
form of a ring or band around some small twig, each band contain- 
ing from one hundred to three hundred eggs. At the edges the band 
which is half an inch or more in width is beveled down to the twig. 
The whole band is then covered by a brownish substance which hard- 
ens and forms a sort of varnish which conceals the individual eggs 
beneath. 

The egg bands remain on the twigs from July until the leaf buds 
begin to open the following spring. At about this time, however, the 
eggs hatch and the little caterpillars crawl to some fork near by 
where they spin a tent, small at first, but enlarged from time to 
time as the caterpillars grow. From this tent the caterpillars go 
to feed, mornings and afternoons, returning to it at night, and in 
part, at least, about noon. Most of them also stay in the tent dur- 
ing rainy weather. 

The caterpillars feed for five or six weeks before becoming full 
grown. As this condition is reached, each leaves the tent to find 
some protected place in which to spin a loose silken cocoon, within 
which it transforms from the caterpillar to the adult moth, a pro- 
cess requiring from two to three weeks. This change having been 
completed the moth appears sometime in July, and the eggs are laid 
from which caterpillars will appear the following spring. There is 
therefore but one brood a year. 


Injury. 


The amount of injury caused by this insect varies with its abund- 
ance. A full grown caterpillar will eat about two leaves a day 
and one tentful will therefore consume from two to six hundred 
leaves in this time. Averaging this rate of food consumption for 
the entire time they are feeding, we find that a tent containing two 
hundred caterpillars will consume over four thousand leaves in all. 
A vigorous tree would probably feel this but little, but a small tree, 
or a large one with a number of tents on it would be obliged to turn 
its energies to the putting forth of new leaves to take the place of 
those lost, just at the time when those energies should be devoted 
to the maturing of its fruit. 


Treatment. 


The treatment for this insect is simple, the fact that the caterpil- 
lars return to the tents at night making it easy to destroy these when 
all the caterpillars are together, either by means of a torch held under 
the tent, or better, by crushing tent and caterpillars with a gloved 
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hand. In using the torch many of the insects drop to the ground 


and escape, while the flame is injurious to the tree—both being ob- 
jections avoided by the other method. Spraying the tree with ar- 
senate of lead or Paris green when the tents appear is also a suc- 
cessful treatment. 

The eggs masses are often very noticeable, particularly while the 
trees are leafless, and should be cut off and burned, and every fruit 
erower should see that no tents of this insect should be permitted 
on the wild cherry and other trees along the roadsides near his or- 
chards, unless he is prepared to find them present on his fruit trees 
the following spring, as a result. The continued presence of this in- 
sect in an orchard is evidence of neglect. 


THE ROUND-HEADED APPPLE-TREE BORER. 


(Saperda candida Fab.) 


This insect is “next after the codling moth, the worst enemy to 
apple culture in America.” The greater portion of its life is spent 
beneath the bark of the tree where it is only accessible to its enemies 
in a limited degree. 


Fig. 7.—Round-headed Apple-tree Borer. A, Adult Beetle; B, full-grown grub. Both 
enlarged. 


Life History. 


The adult beetle which is rarely seen is about three-quarters of 
an inch long, grayish in color, and with two white stripes along its 
back. It lays its eggs during June, July and August in slits in the 
bark, usually near the ground. The young beetles which hatch in 
two or three weeks after the eggs are laid, bore into the inner bark 
and sapwood where they feed, making shallow cavities, often so near 
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the surface that the bark over these cavities cracks and some of the 
“sawdust” falls out. During the winter the borers are quiet, but 
resume their work the following spring. During this second year 
they work deeper into the tree, boring in the heart wood, but at the 
approach of winter become quiet again. The next spring they bore 
out to the bark and then become quiet pupae for a short time, after 
which the adult beetle formed from the pupa during this stage 
gnaws through the thin layer of bark left over the hole and escapes. 


Food Plants. 


This borer works in the trunks of the apple, pear, quince, thorn, 
English hawthorn, Mountain ash, June berry and other trees. 


Treatment. 


To prevent this insect from laying its eggs on the tree, a wrapping 
of several thickness of paper may be placed closely around the trunk. 
The paper should be covered by a little earth at the bottom and 
reach up about two feet, and be closely tied, so that the beetles can- 
not get between it and the trunk. The wrapping should be applied 
about May 10th and remain at least until September. 

Wire window-screen netting can also be used for this purpose, care 
being taken that the lower edge of the netting be covered by the 
earth, and that some little space is left between it and the trunk ex- 
cept where it is fastened tightly around the tree about two feet 
above the ground. A protector of this kind will last for several years 
and if properly applied in the first place, will need no attention. 

Either of these methods will protect the lower part of the trunk; 
but as the beetle sometimes lays its eggs higher up, it is advisable 
to whitewash the trunk from the lowest fork down to the top of the 
protector at the time when this is put in place. 

When borers are already in the trunk, their presence may often be 
discovered by the accumulation of sawdust around the base. In 
such cases the insects may be cut cut with a knife, or if they are too 
far in to be conveniently reached in this way, a sharp-pointed flexible 
wire may be used with which to follow the hole and pierce the borer. 
Frequently when the burrow can be found, the most convenient 
treatment is to pour a little carbon bisulfide on some cotton, place: 
the cotton in the hole and then plug up the hole outside, leaving the 
fumes of the gas to kill the borer. 


26—6—1902 
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THE PLUM CURCULIO. 


(Conotrachelus nenuphar Herbst.) 


The plum curculio is the cause of more loss to plum growers in 
this State than all other insects combined, fifty, sixty or even sey- 
enty-five per cent. of the plums often being destroyed by its attacks. 
Quite a part of this loss can be avoided, however, by using the proper 
methods, while if these are neglected the insect as it becomes more 
abundant in an orchard will also attack apples, pears, cherries and 
peaches, injuring the appearance of these fruits and thus lessening 
their value, even when it does not prevent their reaching maturity. 


Life History. 


The plum curculio in its adult state is a little beetle about a quar- 
ter of an inch long, dark in color but with a few whitish markings on 
its roughened back, and with a snout on its head. It passes the 
winter hiding in any protected place it can find, and makes its ap- 
pearance about the time the leaves open in the spring. While wait- 
ing for the plums to form, it feeds on the young leaves somewhat 
though doing little damage in this way, but when the blossoms have 
fallen and the plums have begun to grow, it proceeds to lay its eggs. 
To do this, it makes a small hole in the plum with its snout and in 
this hole it deposits an egg. It appears to realize, however, that un- 
less farther precautions are taken, the rapid growth of the hard 
young plum will crush and destroy the egg, and it therfore cuts a 
crescent-shaped slit near where the egg was placed. The result of 
this is that the flesh of the plum between the egg and the slit wilts 
and remains soft, and crushing of the eggs is thus prevented. Each 
curculio lays from fifty to one hundred eggs in this way and plums 
with six or eight slits and egg holes are frequently observed. 

The eggs thus laid soon hatch and the young grubs eat into and 
around the stone, while the surface of the plum where the slits were 
made becomes gummy. 

Around the stone the grub feeds till it is full grown, the time re- 
quired for this being usually about three weeks. The grub then 
leaves the plum (which frequently falls off before this time, because 
of the presence of the grub) and enters the ground where it becomes 
quiet and transforms to a pupa from which the adult curculio ap- 
pears a month of more later. Apparently this curculio does no in- 
jury during the remainder of the summer and fall but appears after 
wintering in some secluded place, to lay its eggs the following 


spring. 
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Treatment. 


No one method of treatment is sufficient for this pest, but if the 
three given below be practiced, much loss will be prevented, 

1. It has already been stated that in the spring the adult curculios 
feed on the young leaves until the plums have begun to grow. This 
fact may be taken advantage of by spraying the trees with Paris 
green, or better, with arsenate of lead just before the blossoms open, 
and repeating this treatment as soon as the blossoms have fallen. 
Do not spray while the trees are in blossom. 

2. The adult curculios during the time they are feeding and laying 
their eggs, are sluggish mornings and evenings, though they will fly 
freely during the heat of the day and also on warm nights. This 
habit is successfully utilized by plum raisers who spread out sheets 
under the trees early in the mornings and then jar the trees by strik- 
ing the trunks with a heavy mallet. The curculios fall onto the 
sheets and are gathered and destroyed. An improvement on this is 
to stretch canvas over a frame having sloping sides, and at the center 
opening into a tin can containing a little kerosene. A slit from the 
middle of one side to the center is not covered by the canvas but is 
reft open so that the trunk of the tree may pass in through this to the 
center of the frame. <A strip of canvas sewed to one side of the slit 
is then turned over to cover it and the canvas completely covers the 
ground under the tree. Such a frame mounted on a wheelbarrow 
can be conveniently and rapidly used and the curculios which fall 
npon the canvas when the trees are jarred, roll down the sloping sides 
of the frame and into the can of kerosene in the center. Plum or- 
chards of hundreds of trees are every year treated in this way with 
great success, the trees being jarred every other morning. 

3. The above methods will prevent multitudes of the curculios 
from laying a part or even any of their eggs, but it is equally im- 
portant to destroy as many as possible of the grubs coming from 
eggs which have been laid. As a large proportion of the plums 
which have been “stung” by the curculios drop early, and as these 
grubs are readily eaten by fowls, it is advisable to let poultry and 
also hogs run freely in the orchards, or if this is not practicable, to 
gather the fallen plums and destroy them twice a day if possible, 
beginning about a week after the second spraying. 
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THE PEACH-TREE BORER. 


(Sanninoidea exitiosa Say.) 


The Peach-tree borer is one of the most serious enemies with which 
peach growers in this country have to contend. Much attention 
has recently been paid to this insect and many experiments have been 


Fig. 8.—Peach Tree Borer. Plum root showing work of borer; 2 a, 
pupa case; b, male moth; c, female moth; 3, two grubs somewhat enlarged 
(From Sirrine. ) 


made with a view to protecting the trees from its attacks, the re- 
sults of which have somewhat changed our ideas as to the best 
methods to follow. 


Life History. 


The adult borer is a rather pretty, clear-winged moth, rarely seen 
by the peach grower. It appears in Pennsylvania early in June and 
lays its eggs on the bark of the peach tree, preferably near the 
ground, though they are sometimes placed as far up as the crotches 
of the lower branches. The egg soon hatches into a little grub 
which eats its way through the bark to the sapwood where it lives 
till fall, its feeding causing the production of masses of gum on the 
bark just outside where the borer is at work. At the approach of 
winter the grub ceases its work, but resumes operations again the 
following spring, and feeds until about the last of May or until it is 
full grown, when it is about an inch long. It then forms a quiet 
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pupa which changes to the adult moth and leaves the tree early in 
June to lay its eggs for the next generation. 


Treatment. 


More than twenty different methods of treatment for this insect 
have been tested at different times, most of them proving of little 
value. Only those which have given the best results are considered 
here. 

Mounding.—This treatment seems to be quite effective, keeping 
cut “from one-half to seven-tenths of the borers.” The earth should 
be mounded up around the trunk of the tree to the height of a foot or 
more, about the first of June, and should remain there till about the 
last of August, each year. 

Paper Protectors.—These may be either of tarred paper or of sev- 
eral thicknesses of newspaper. The paper should be closely wrapped 
around the trunk, the lower edge of the wrapping being covered by 
the earth, and the upper edge being ai least fifteen inches from the 
ground. The times of applying and removing the wrapping should 
be the same as for mounding. 

Cutting Out.—This treatment is of course remedial rather than 
preventive and should be used together with the other methods 
given. It is desirable to cut out the borers in the fall before they 
have done much damage, but they are so small at that time that 
many are always overlooked, and it is therefore better practice to do 
this work about the first of May when the borers are large enough 
to be easily found. If cutting cut each spring be followed by mound- 
ing or by wrapping the trunks as already explained, much of the 
loss by the attacks of the peach-tree borer can be prevented. 


THE PEACH-TWIG BORER. 


(Anarsia lineatella Zell.) 


This insect is very abundant in Pennsylvania and does much dam- 
age though its presence is in most cases unknown to the peach 
grower, who, for this reason, is not aware of his loss from the attacks 
of this tiny moth. 

Life History. 


The little caterpillars of the peach-twig borer pass the winter 
in the spongy bark, chiefly of the smaller crotches of the tree, in small 
cavities they hollow out and which are marked by small masses of 
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mixed bark and excrement projecting from the openings of the 
cavities. In the spring the caterpillars leave these cavities and pass 
to the leaf buds which they bore into, following along in the stem 
bearing the bud, eating its substance and causing the leaves to wilt 
and die. At this time their presence may be discovered by looking 
for the wilted tufts of leaves which are very noticeable among the 
others not thus affected. After boring out one shoot the caterpillar 
passes to another which it destroys in the same way, and it may at- 
tack several before becoming full grown. When the caterpillar has 
reached full size, it forms a small web either in withered leaves on 
the tree, in leaves or rubbish around the tree, or it may lie exposed 
on the bark. In either case it now remains quiet for a week or ten 
days, at the end of which time the internal changes necessary having 
been completed, the adult moth appears and lays eggs for a new 
brood. The caterpillars which hatch from these eggs attack new 
growth of the tree, entering the young twigs where these give off 
leaves, or sometimes entering the stems of the young fruit, and later, 
in some cases, boring into the fruit itself. This history is probably 
repeated by the next brood, and in the fall the eggs for the third 
brood are probably laid on the bark and the little caterpillars burrow 
into the bark to pass the winter. There are therefore three broods 
each year. 


Injuries. 


The spring brood which passes the winter in cavities in the bark 
at the crotches, is the one which is most noticeably injurious. As it 
nores into shoot after shoot in the spring, the number of these which 
are killed when the insect is abundant is very great, often several 
hundred of the young shoots on a single tree being destroyed. The 
result of this upon the tree is to make it scraggy and irregular and 
to cause it to expend its energy in the formation of new growth at 
a time when this energy should be devoted to the production of fruit. 


Treatment. 


The best method of control for this insect which has as yet been 
found, is to spray the trees in winter to destroy the caterpillars which 
are then in cavities in the bark at the crotches. 

To successfully carry out this method it is advisable to lightly 
scrape the larger crotches with some blunt edged instrument—a 
hoe has been found to be well adapted to this purpose. After scrap- 
ing in this way the tree should be sprayed with kerosene emulsion, 
made and applied as follows: 


IKGTOS CME 2. [SEIN ain thkciaite.ceae ees aes eee ea eee 2 gallons. 
VW hale-oil soap lorie toe here eins 4 pound. 
Wii be Tyrie kis LAS. ere eee : - 7 “gallon, 
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~The soap, first finely divided, is dissolved in the water by boiling 
and immediately added boiling hot away from the fire to the kero- 
sene. The whole mixture is then agitated violently while hot, by 
being pumped back upon itself with a large force pump and direct 
discharge nozzzle throwing a strong stream, preferably one-eighth 
inch in diameter. After from three to five minutes pumping the 
emulsion should be perfect and the mixture will have increased from 
one-third to one-half in bulk and assumed the consistency of cream. 
Well made, this emulsion will keep indefinitely, and should be diluted 
only as wanted for use.” To use it, add six gallons of water to a 
gallon of the emulsion or at that rate. If hard water must be used 
either in making or in diluting the emulsion for use, add about one- 
quarter more soap. Spray long enough to thoroughly wet the bark, 
but not long enough to let the emulsion stand in the crotches in little 
pools as this would have an injurious effect upon the tree. 


PLANT LICE. 


(A phididae.) 

Plant lice or Aphids are always an important pest to crops and to 
flowers as well. They appear early in the spring, often before the 
plants they feed upon have made a good start, and as they multiply 
with great rapidity, sometimes cause much loss. 

Nearly every plant, shrub and tree has one or more kinds of plant 
lice which attack it, and in seasons favorable to their rapid increase 
may so check growth as to seriously injure the crop. 

Among the most important plant lice with which the farmer and 
fruit grower come in contact are the wooly apple louse, often present 
along scars on apple limbs in the fall, and very noticeable because 
of the white wooly threads it produces; the green apple louse, often 
sc abundant in spring on the leaves; the black louse on the plum; 
the wheat Aphis; the pea-vine louse; the cabbage louse; the currant 
louse; the rose louse and the corn Aphis. 

In many cases the first evidence of the presence of plant lice is the 
curling of the leaves which is often particularly noticeable on cherry 
and plum trees in May. Often, however, the plant lice are not seen 
in large numbers till later, in the summer or even fall. 


Life History. 


No accurate description of the life history of plant lice in general 
can be given, as different species of these insects have different 
histories. A few general facts, however, will apply to nearly all. 

In a general way it may be stated that plant lice pass the winter 
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in the egg state, and hatch about the time the buds open in the 
spring. Each is then a tiny insect with six legs and no wings, which 
crawls about and sucks the sap from the plant on which it is by 
means of a sharp-pointed beak which it thrusts through the bark 
or epidermis of the plant till it reaches the sap. In the course of a 
few days it becomes adult and begins to produce young, giving birth 
to three or four aday. ‘These young also become adult in a few days 
and in their turn produce young, and in this way there may be many 
generations.during the summer. Some one or more of these genera- 
tions will develop wings and pass to the other plants, thus distribut- 
ing the insects over the region. In the fall some generation instead 
of giving birth to young, will lay eggs, and these will winter over and 
hatch the following spring. 


Treatment. 


As plant lice are sucking insects, no stomach poison such as Paris 
green or arsenate of lead is of any value to destroy them, and kero- 
sene emulsion is the most effective remedy made use of. In order 
to kill the lice, however, every insect must be touched by the oil and 
this requires careful and thorough spraying. As the lice are usua'ly 
on the under surface of the leaves the spray must be thrown upward 
against the lice, and after the leaves begin to curl! this is very diffi- 
cult if not impossible. It is necessary, therefore, that the trees 
should be carefully watched, and be sprayed as soon as the lice ap- 
pear, and before they have become so abundant as to cause the 
leaves to begin to curl. 

In places where it can be obtained, a strong stream of cold water 
thrown through a hose upon a tree infested with plant lice, is very 
effective as it knocks the lice off the tree and kills nearly all of them, 
but too often this treatment is not available. 

In the case of the pea-vine louse, the peas grow in such a way that 
it is difficult to reach the lice by spraying, and here the best practice 
is to follow along the rows on a hot day with a branch from some 
evergreen iree, or a piece of brush, and switch the lice off the vines 
onto the ground, which can be easily and rapidly done. A cultivator 
should then follow along the rows and loosening the dry, hot soil, 
the lice will be dried up by it and die before they are able to return 
{o the plants from which they had been switched off. 
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SPRAYING MATERIALS. 


The chief materials for spraying here suggested are Paris green, 
arsenate of lead and kerosene emulsion. it is well to speak more 
fully of these substances as one-half of the value of spraying depends 
upon whether they are properly made or not, while the other half is 
determined by when and how they are applied. Combinations of 
insecticides and fungicides are also important for if these can be ap- 
plied together rather than separately much time and labor can be 
saved. A short consideration of these points, therefore, should be of 
value. 


Paris Green. 


This insecticide which has been used in quantities for the destruc- 
tion of insects longer than any other, is a chemical combination of 
arsenic, copper and acetic acid. The arsenic (arsenious oxide) is of 
course the poisonous substance, and a good Paris green should con- 
tain over fifty per cent. of it. Much that is on the market, however, 
contains less than this amount, and is known as “Low grade Paris 
green,” and is worth less for use than the higher grades (though it is 
generally sold at about the same price as the better article), as the 
farmer who uses it is putting less poison on his crops than he sup- 
poses. 

In some States, laws have been enacted requiring that all Paris 
green sold should contain at least fifty per cent. of arsenic—a law 
that has frequently done more harm than good—and in order to com- 
ply with it, manufacturers sometimes produce a low grade article, 
and during its manufacture or afterwards, add enough arsenic to 
bring the percentage of this substance up to that required by the law. 
But the arsenic thus added does not chemically combine with the 
other substances present in the Paris green, but remains as free ar- 
senic which burns the leaves badly as everyone who has used much 
Paris green knows. In this way a poor quality of Paris green which 
would cause little or no burning of the foliage, becomes, by the addi- 
tion of the free arsenic, a dangerous substance to apply to leaves of 
any kind. 

Another objection to Paris green is that it is frequently adul- 
terated with other substances, such as flour or plaster. Though such 
adulterations do no harm when applied to foliage, the purchase of 
such Paris green is much more expensive than it would be to buy 
these materials separately and mix them. 

A further objection to Paris green is that some of the arsenic ac- 
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tually combined with the copper and acetic acid appears to dissolve 
in water in the spraying tank, and in this way even a reliable article 
may sometimes cause burning. 

Finally, Paris green when mixed with water is quite heavy and 
tends to settle to the bottom of the tank, and though all good spray 
pumps are provided with an automatic agitator, the amount of the 
poison sent out when the tank is full and when it is nearly empty 
will differ considerably and the results will be correspondingly un- 
reliable. 

For these reasons Paris green is less favorably looked upon as an 
insecticide than was once the case, and other materials are being 
more used each year in its place. 


Arsenate of Lead. 


This substance is a chemical combination of arsenic and lead, and 
as the arsenic in it is all combined, no burning from its use results, 
no matter how strong it is made. It is therefore safe to use on all 
kinds of trees. 

It is lighter than Paris green, needing little stirring to keep it from 
settling, and it adheres to the leaves a much longer time, it generally 
being necessary to spray but twice with it where three times would 
be needed with Paris green. Thus, though it costs a little more, 
this cost is more than an off-set by the reduction in number of treat- 
ments necessary. 

It is made as follows: 

Arsenate of soda (50 per cent, strength),.. 4 ounces. 
AM cCetate Olea, AiG. Geen ede Sele ks 11 ounces. 
IVViQICED Cem craven shu voepe Meeke Meee meee hers oepe 150 gallons. 

Put the arsenate of soda in two quarts of water in a wooden pail, 
and the acetate of lead in four quarts of water in another pail, also 
of wood. When the chemicals are all dissolved, pour the contents 
of both pails into the spraying tank with the rest of the water, and 
stir for a few minutes before using. 

Those who prefer to make use of arsenate of lead ready prepared 
can obtain it from the Bowker Insecticide Company, 48 Chatham 
street, Boston, Mass., by whom it is sold under the name of Dis- 
parene, or from several other firms which supply this article. 


Kerosene Emulsion. 


Paris green and arsenate of lead are termed stomach poisons, and 
are used for insects which bite off and swallow solid food. Kerosene 
emulsion is a contact poison and is used for those insects which suck 
the juices from plants and which cannot therefore be destroyed by 
stomach poisons. 
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Where a contact poison is used it is necessary to touch each in- 
sect with a drop of the spray in order to destroy it, while a stomach 
poison may be spread upon the leaves for the insect to eat with its 
food at any time it may happen to reach it. Spraying with contact 
poisons is, therefore, much more difficult than with stomach poisons. 

Kerosene emulsion is usually made as follows: 


Handssoapshayedsines .).-.%2.. «cuss slore are ee 4 pound. 
NT VGN 2) Oa rg ir Oa Peer Sra a ene eae 1 gallon. 
EGCROSETIC oe mith case tetekctucttes ce veeetayo tore. Satennyeectehe.s 2 gallons. 


Dissolve the soap in the boiling water; remove it from the fire and 
pour it into the kerosene while hot. Churn this with a hand spray 
pump until it changes to a creamy, then to a soft butter-like mass. 
This may be used as a stock, and should keep for some time. For 
use, take one part of the stock and nine parts of water for plant lice, 
though where the insects to be treated have harder bodies, one part 
of the stock to four or five parts of water can be used to advantage. 


Insecticides and Fungicides. 


It is important to spray fruit trees before they blossom, with Bor- 
deaux mixture to destroy fungous diseases, and as this is also the 
time to spray for many insects it is often desired to use the insec- 
ticide and fungicide together. This can be easily done, the Bor- 
deaux mixture combining well, both with Paris green and arsenate of 
lead, and the following directions give the best methods for prepar- 
ing these combined sprays: 


Bordeaux Mixture and Paris Green. 


BORCCAIXA TOK CUTE oe ehas isi eeocs oie Secs one, S6 50 gallons. 
API SWOTOCOTN oc aiac 05 osu desc) Saks, Wa eens oS ete ee 4 ounces. 
Stir the two till well mixed before using. 


Bordeaux Mixture and Arsenate of Lead. 


Prepare the arsenate of lead as already directed, but instead of 
adding the two chemicals when dissolved, to the rest of the water 
in the spraying tank, add them to fifty gallons of the Bordeaux mix- 
ture placed in the tank and stir for a few minutes before using. 
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THE VARI TIES, OF FRUIT SRA T “CANREE 
PROFITABLY GROWN IN PENNSYLVANIA. 


By GABRIEL HIESTER, Harrisburg, Pa. 


When a man plants an orchard of apples or pears he is starting 
in a work that will last his life time. If he selects the wrong loca- 
tion for his orchard, or makes a wrong selection of varieties, even 
though he may give it the best and most intelligent care later on, 
he will fail to obtain a full measure of profit for his work. 


LOCATION. 


It is difficult to give accurate directions as to the selection of a 
location for an orchard or to describe a soil that will bring the best 
results. There are a few general principles, however, that have be- 
come firmly established by the experience of the most careful horti 
culturists extending back through the past century, and have been 
fully proven by a number of correspondents who have aided in this 
investigation. There are several points to be considered in selecting 
a location which apply to all fruits, and may be briefly stated here 
as follows: 

Soil.—All fruit trees require adeep soil on an open sub-soil that 
will allow perfect drainage. Let me then impress upon the mind of 
the reader, that the first requisite for the profitable production of 
fruit of any kind is an open sub-soil that will allow perfect drainage; 
second, a deep top soil of a character suited to the kind of fruit 
grown. The character of soil best suited to each kind of fruit will 
be treated later on. Stones and boulders are not injurious, but on 
the contrary, rather a benefit; the loose stones on top serve as a 
mulch and retain moisture, and the roots find their way around and 
under the boulders and there secure a good supply of moisture. For 
this reason many stony hillsides and flat mountain tops which can- 
not be utilized in any other way furnish excellent sites for orchards, 

Exposure.—Opinions differ somewhat on this point, but a majority 
seem to favor a northern exposure, as the idea prevails that the 
buds are retarded somewhat, and are less liable to be injured by late 
frosts. Also that a southwestern exposure is least desirable. 

Altitude—Is more important than exposure. The trees should 
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be planted above the level of the lake of cold air that settles in the 
valleys at night; the warmer and more sheltered the valley the more 
important is this point, as these places are most subject to late 
frosts. No fixed height can be given at which it will be safe to 
plant; it will depend upon the width of the valley and the abrupt- 
ness of the slope at either side. Each planter must decide for him- 
self what will be a safe altitude. | 

Conditions differ, however, along the shores of lakes and broad 
rivers; here the water tempers the air and prevents injury by late 
frosts. We find the influence of Lake Erie extends two or three 
miles inland, while along the Susquehanna, peaches growing close 
to the bank frequently escape injury, while the entire crop has been 
destroyed by frost in an orchard a mile back in the ceuntry. 

While good fruit can be grown on these bottom lands which 
border on rivers and lakes, provided they are well drained either 
naturally or artificially, yet as a rule the fruit will not be as high 
colored, as fine flavored, nor have as good keeping qualities as that 
grown on higher ground; this is especially true of the apple. 

Rainfall.—The distribution of rainfall throughout the entire season 

is important. Trees require a large amount of moisture during 
-the growing season to properly mature their crop of fruit. As 
the summer showers usually follow mountain ranges, the foothills ~ 
of the mountains and high narrow valleys are Benen better 
watered than the plains. 

Shipping Facilities —After we have grown our fruit we must 
market it, and here comes in an important item of expense. We 
should take into consideration, not only the distance of the orchard 
from the railroad station, but if possible get within reach of com- 
peting lines of railroad, and thus secure the lowest Pe freight 
rates. 

With these points firmly fixed in our minds we are ready to in- 
telligently consider what to plant. 


APPLES. 


I. SOIL. 


Apple trees will thrive and do well in almost any well drained, 
well prepared soil. <A deep, strong, sandy or gravelly loam with open 
sub-soil is generally recommended, but the best results have been 
obtained in this State on soils formed by the breaking down of shale. 
Good reports come from gray, red and yellow shale lands. Sueh a 

25 
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soil is rich in iron, calcium, magnesia, phosphoric acid and potash, 
with but little nitrogen. 

Whatever the other characteristics may be, it should be deep to 
allow extension of the roots; well drained, either naturally or arti- 
ficially, to prevent injury from stagnant water below the surface, and 
jirm,and not peaty or spongy, to preclude injury or destruction from 
frosts. Just here I quote from a letter received from Mr. Edward 
T. Ingram, of West Chester,.a fruit grower of large experience: 


“Tn considering the varieties of fruits to plant, the character of the 
soil and elevation are the most important points. From my observa- 
tion I would formulate, on general principles, as follows: 

“Ist. On heavy soil, retentive of nitrogen, the fruit will be larger, 
and have more water in its composition. 

“2d. That on soils not retentive of nitrogen, but rich in potash, the 
fruit will be smaller and of higher flavor, with more sugar in com- 
position. 

“3d. That varieties of fruit of high fiavor are of better quality when 
fully grown; that large, fine specimens are delicious, while smaller 
ones are acid and unpleasant. 

4th. That varieties of low flavor, when overgrown, are insipid and 
poor in flavor, but are much better when smaller and with a higher 
development of sugar. 

“5th. That varieties that bloom early or require a longer season 
for development, will frequently fail at comparatively low altitude 
and be successful at high ones.” 


Il. VARIETIES. 


It is a mistake to plant many varieties. The most successful prac- 
ticé is to select the best of its kind for each season, and have only 
one, or at most, two varieties of any kind of fruit ripening at the 
same time. 

The first question to consider in this connection is, “Where do we 
expect to sell our fruit?” We have the world for our market, and ex- 
cellent facilities for reaching any part of it. The display of fruit at 
the Paris Exposition has started inquiry in regions heretofore un- 
tried, and the limits of the foreign market are being indefinitely ex- 
tended. So also is the demand for home consumption in the various 
mining and manufacturing towns all over our own and immediately 
adjoining States. 

The foreign market demands winter apples that keep well, ship 
well, and stand up for a reasonable time after being taken from 
cold storage, and seem to prefer red color. 

The home market will use a good baking apple at any season of 
the year. Care should be taken, however, not to plant too many 
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early ones. Housekeepers begin using them early, and the demand 
steadily and gradually increases until after the holidays, when it is 
practically unlimited. 

Mr. Geo. T. Powell, in an address delivered recently before the 
New York State Fruit Growers Association said: 

“We need to study the demands of the different markets. London 
will pay the highest price for red apples of medium size; Liverpool 
will pay high prices for large apples like King, Twenty Ounce, Hub- 
bardston and Spy. The same is true of our home markets, and to 
realize the highest value, the shipper must understand what the 
different markets most demand. Boston will pay the highest price 
for Fameuse, Gravenstein and McIntosh; New York for King, Jona- 
than and Rhode Island Greening; Chicago for Hubbardston, and Gil- 
liflower will bring more money than any other variety in the south- 
ern cities.” 

In this connection it may be well to consider the comparative 
prices obtained in England and Germany during a stated period asa 
guide to planters of new orchards. We find that during a period of 
five months the average of price ranged from highest to lowest in 
the following order: 


ENGLAND. GERMANY. 
Jonathan, Jonathan, 
York Imperial, Northern Spy. 
Tompkins King, York Imperial, 
Northern Spy. Tompkins King, 
Spitzenburg, Baldwin, 
Baldwin, Spitzenburg, 
Ben Davis, Winesap, 
Winesap. 3en Davis. 


While it may be best for those having good fruit lands, within 
easy reach of the main line of railroad, to plant for the foreign mar- 
ket, it will be found equally profitable in most of the southern, 
central and western counties, to cater to the demands of the home 
market, hence in this article we will consider varieties suited to 
both. 

In planting an apple orchard, we do not expect to reap our reward 
for eight or tén years. Hence in the selection of varieties we should 
ask ourselves the question, ‘“‘What will the general public think of 
this apple after an intimate acquaintance of ten years? Will they be 
likely to ask for it, to insist on having it? or may they possibly tire 
of it and look for something better suited to their taste?” Those 
who are familiar with the markets of Pennsylvania know, that in 
those sections where Summer Rambo and Smokehouse have been 
grown for some years, about the first of August, housekeepers begin 


416 ANNUAL REPORT OF THE Off. Doc. 


inquiring for Summer Rambo, and will be satisfied with nothing 
else while Summer Rambo lasts, and later on they must have Smoke- 
house or nothing, and there is no use trying to force any thing else 
on them during the respective seasons of these two varieties. 

Reasoning from this standpoint, How will Ben Davis stand ten 
years hence? Will people be asking for Ben Davis in a market sup- 
plied with Newtown Pippin, Baldwin and Northern Spy? We are 
told that it isin good demand to-day, but will it last when people have 
become thoroughly acquainted with it? Already buyers have come 
from St. Paul and Minneapolis to Adams and Franklin counties and 
bought up whole orchards of York Imperial at a time when their 
home markets were well stocked with western grown Ben Davis. I 
think it is a mistake to advocate the promiscuous planting of this 
variety, but would lay down this positive rule: Never plant Ben 
Davis where York Imperial will succeed, plant very sparingly of 
York Imperial in the higher altitudes where Baldwin, Northern Spy 
and King do well. There are some sections of Adams and Franklin 
counties where Ben Davis, and its near relative Gano, are grown as 
fine in form and color as anywhere in the world, and climatic con- 
ditions are such in these sections that Baldwin and Spy are fall 
apples; in such places Ben Davis and Gano are probably the best 
varieties to plant for profit. As we follow the same range of hills 
into York, Cumberland and part of Dauphin counties, York Imperial 
will be found profitable and should gradually replace Ben Davis. 
Following this same mountain range still farther to the northeast, 
into Schuylkill county, York Imperial should be gradually replaced 
by Baldwin and Grime’s Golden, and after Schuylkill is passed it 
should be dropped out of the list altogether. 

Up to this time the only apples that have been sent abroad from 
Pennsylvania, in any quantity, are Ben Davis, Gano and York Impe- 
rial. Several large plantations have recently been made along the 
South Mountain, in Adams county, with the expectation of selling 
the product in European markets, and in the next few years the 
number will no doubt be largely augmented. 

We have a number of Pennsylvania apples that have been grown 
for years in their native counties and are much prized where well 
known because of the vigor of the tree, the regularity with which 
they bear, and their excellent cooking and keeping qualities. 

We will here briefly discuss the merits of a few old, well-tried 
sorts, and some that seem to be worthy of more general distribution. 


SUMMER APPLES (FOR LOCAL MARKET ONLY). 


Early Harvest is the standard with which we compare all early 
sorts, and should be found in every collection. The tree is hardy, 
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a regular bearer, one of the earliest and best baking apples that we 
have. 

Benninger.—A large, red-striped apple, grown in Lehigh and Mont- 
gomery counties, supposed to be a native of Lehigh. It is about as 
early as Early Harvest. Keeps betier and lasts longer. Has been 
found more profitable than either early Harvest or Red Astrachan. 
It has been sold in the local markets for more than 40 years. Recom- 
mended by Geo. H. Rex & Son. Stetlersville, Lehigh Co. 

Red Astrachan.—This apple although of second rate flavor, has 
been largely planted on account of its very handsome appearance, 
the vigor and productiveness of the tree and its excellent culinary 
qualities, and has been found one of the most profitable very early 
sorts. 

Yellow Transparent, is probably one of the best early apples to 
plant for nearby market. The tree is an early and abundant bearer, 
and the fruit sells readily on account of its beautiful, clear, smooth 
appearance and good cooking quality. Its thin skin and light color 
make it a poor shipper, unless put up in small packages and very 
carefully handled. 

Keswick Codling is an excellent late summer amine apple. It 
succeeds well in the Cumberland Valley. Tree is hardy and vigor- 
ous, a good-bearer and the apple sells well. Valuable for home 
market. 


FALL APPLES. 


Austin Sweet is one of the very few sweet apples worthy of notice; 
it is a large, rich flavored, golden, September apple; used for apple- 
butter, for spicing and preserving; it us used extensively for butter 
with quinces. Recommended by J. B. Johnston, New Wilmington, 
Lawrence Co. 

Duchess of Oldenburg, while a fall apple in the higher altitudes, is 
a Summer apple in the Susquehanna Valley. The tree is remarkably 
hardy and vigorous, bears early and abundantly, the fruit is hand- 
some, and while not of the best quality, is excellent for culinary pur- 
poses, being very tart ,and is a good seller in any market. 

Kretchman is a large, sour, dark red apple, good for cooking or 
eating in late fall. A good market variety. Recommended by G. H. 
Rex, Stetlersville, Lehigh county. 

Lehigh Greening —A large, greenish-yellow, fall apple, good for 
baking; tree is vigorous and hardy, a good bearer. Apple sells well 
in the markets of Lehigh and Montgomery counties, where it is 
_ grown to a considerable extent. 

Maiden’s Blush —This beautiful fall apple has been successfully 
grown in nearly every county of the State and seems to be a general 
favorite for the home market; the tree is a thrifty, vigorous grower, 

27—6—1902 


418 ANNUAL REPORT OF THE : Off. Doc. 


and bears regularly and abundantly. The apples sell well in any 
market on account of their attractive appearance and their good 
baking qualities. 

Summer Rambo is one of the most profitable fall apples that can 
be grown for the home market in Pennsylvania. Its large size, at- 
tractive appearance and excellent quality, either eating or cooking, 
commend it to every housekeeper, and the man who has them for 
sale need have no other kind ripening at the same time, as there 
is nothing in its season that cau compare with it. It succeeds well 
on either high or low land, if the latter is well drained. 

Smokehouse follows immediately after Summer Rambo, and is the 
only fall apple that can take its place. The tree is a rather crooked, 
scrubby grower in the nursery, but when planted in the orchard and 
carefully pruned, it grows vigorously, and bears abundantly. It 
thrives and does well on rich, valley farms, on clay, shale, gravel and 
loam. In fact it seems to do well on any rich, well drained soil, and 
it sells at top prices in any market. As its season is about the same 
as Ixing, there seems to be no reason why it should not be grown in 
the northern tier of counties for export. It is certainly worthy of 
trial. 

White Doctor.—A native of Pennsylvania, is a very large, green, 
baking and eating apple, of excellent quality; ripens about the ist 
of October. Good for local market. 

Tompkins King—While generally classed as a winter apple, it is a 
fall apple in most counties of Pennsylvania, but owing to its fine 
appearance and excellent quality, it sells well at any time. The 
tree grows vigorously and bears well for a few years, but usually is 
very short lived. It has been suggested by Prof. Bailey, that this 
variety should be top worked on some stronger, hardier stock, like 
Northern Spy, and a number of trees have been treated in this way 
during the past few years. If the experiment proves successful this 
will be a very profitable variety to grow either for home market or 
for export. 


WINTER APPLES. 


Baldwin stands at the head of the list in popularity. It has been 
reported as one of the five best varieties by every grower who an- 
swered my circular of inquiry. The objection to it in southern 
Pennsylvania is, that it ripens too soon, and is apt to drop before 
picking time. This premature dropping, however, is generally 
caused by leaf blight, which attacks the leaves, and they are unable 
to perform their functions during the latter part of the season. It 
has been found, if the trees are thoroughly sprayed three or four 
times during the season with Bordeaux mixture, that the leaves will 
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remain healthy, and the apples will remain on the tree until the mid- 
dle of October, and will keep till mid-winter in an ordinary cellar. 
It should, however, be planted on moderately high, well-drained 
ground. When planted on low ground near the water level, even 
if well drained, the fruit lacks color and keeping qualities. 

Baer ov Hiester—A medium sized, red striped apple, grown to 
some extent in Berks county. It is a heavy bearer and good keeper. 
A very pleasant eating apple and sells well in local markets. 

Belmont or Gate—A native of Lancaster county. Is a light yel- 
low, early winter apple, of excellent quality; tree is vigorous and 
healthy and very productive. Apple sells well in the markets of 
Mercer county, where it has been grown to some extent. 

Dominie.—A red-striped winter apple of good size and excellent 
quality. The tree is vigorous and productive, and the apple is a good 
keeper. it has been grown for some years in York and Cumberland 
counties with profit, and it seems to have all the qualities needed for 
export. 

Ewalt or Bullock Pippin.—A native of Bedford county; should be 
more generally planted for the local market. It is a handsome apple, 
of excellent quality, a good keeper, and the tree is a vigorous grower 
and a good bearer. 

Grimes Golden while a native of Virginia, succeeds well in many 
counties of Pennsylvania. A leading fruit grower of Blair county 
says of it. “Grime’s Golden is par excellence the apple for Pennsyl- 
vania local market; the tree is a slow, compact and spreading grower, 
and it is a regular, heavy bearer; one of the best early winter varie- 
ties.” In some places it has proved short lived, like King and Falla- 
water. It would probably be advisable to top work it on some hard- 
ier sort. It does equally well on high or low land, but requires a 
sandy or gravelly soil; does not do well on clay or limestone. 

Greist’s Fine Winter—A native of York county. Yellow-striped, 
with light red, in shape and size resembling Ben Davis. Tree is a 
vigorous grower and regular bearer; fruit keeps all winter in an 
ordinary cellar; is crisp, juicy and of sprightly flavor; has been found 
quite profitable in Lancaster county, as it does well on a limestone 
soil; considered worthy of trial for export. 

Krauser.—A native of Berks county, where it is held in high 
esteem. The tree is a vigorous and handsome grower, and an abund- 
ant and regular bearer. It is a very good, red apple and keeps well. 
It has been grown to some extent in Perry county. It sells well in 
every market where it has been offered, and should be more gener- 
ally cultivated and should be added to the list of Pennsylvania ap- 
ples grown for export. 

Langford and Nero are both long keepers and worthy of trial in 
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every county of the State. Up to this time they have only been 
grown in Lehigh county. 

Lawver is a large red-striped, sub-acid winter apple; it keeps well 
and is very productive. It has been found profitable wherever 
planted in Pennsylvania. 

No Name, Spice Seedling and Cumberland Seedling are three local 
varieties introduced by Longsdorf Brothers. They have done very 
well in the Cumberland Valley and are considered worthy of trial 
elsewhere for local market. 

Nottingham.—A native of Chester county. Is a large, red, early 
winter apple, good for eating or baking. Sells readily and is pro- 
ductive. Recommended by J. Hibberd Bartram, who has planted a 
large orchard of them in Chester county. 

Russian Catalet is a large, red apple, grown in Fayette county. 
Eixcellent for baking as well as eating; will keep till June. Recom- 
mended by L. C. Harris, of Perryopolis. 

Rhode Island Greening.—Cannot be recommended for planting in 
Pennsylvania, except in the northern tier of counties, as in all other 
parts of the State it ripens its fruit too soon, generally in September 
and October. 

Rambo is a profitable apple for home market. It can be grown on 
any sandy and gravely soil with a good sub-soil, at almost any eleva- 
tion, provided the ground is well drained. To secure best results 
they must be well sprayed. They are not late keepers, and owing to 
their thin skin and soft flesh are not good shippers, but when mar- 
keted in 20 pound baskets, bring the top price. 

ftidge Pippin is desirable on account of its keeping qualities, it 
will keep all winter in an ordinary cellar, and is productive. It is 
found in many orchards in Montgomery, Bucks and Berks counties, 
and is a fairly good apple in the spring. 

Strinetown Pippin has never been generally disseminated, but has 
been grown by many farmers in southern and southeastern Penn- 
sylvania, especially in York, Cumberland and Lebanon counties, and 
has been found profitable when grown on high, rich land. It is an 
annual bearer, is totally unfit for use in the fall, but when buried in 
a pit just as turnips are buried,comes out in March clear and crisp, 
and is one of the best baking apples of the season, far superior to 
Ben Davis, York Stripe, York Imperial or even Ridge Pippin, which 
is thought so much of in Chester county. 

Stark is a large, red-striped, winter apple of good quality. It is 
grown to some extent in Franklin, York and Perry counties, and is 
esteemed for its good keeping qualities. It is productive and profita- 
ble, a good shipper; worthy of trial for export. 

Stayman’s Winesap.—A large, red winter apple. Has been fruited 
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lately in the Mt. Pocono region and gives promise of great value, on 
account of its fine appearance and its good keeping and shipping 
qualities. 

Winter Blush—Strongly resembles Maiden’s Blush, but is much 
later. Its season being from December to February. 

York Imperial.—Varies greatly both in keeping and eating quali- 
ties. When grown on rich, river bottom lands in Dauphin county, 
it is a very low grade apple and will not keep until the holidays. 
Under any circumstance it is not good to use in the fall, but when 
grown under proper conditions, on moderately high land, rich in 
mineral matter and rather deficient in nitrogen, and is kept in shal- 
low bins in a cool cellar, or better yet, in a cave, it comes out in the 
spring a fairly good apple for any purpose. It will stand up longer 
and bear more rough handling than any of the finer sorts, and coming 
after all the strictly high class varieties are out of the market, it 
sells well. For this reason the growers of Adams, Franklin, York 
and Cumberland and some parts of Dauphin and Lebanon counties 
have found it very profitable. It is not a good cold storage sort, but 
scalds badly if kept too long. If placed in cold storage it should 
always be marketed early in January. 

Smiths Cider.—A native of Bucks county. Isa mild, sub-acid, red 
apple. Considered one of the most profitable varieties in Chester, 
Berks and Bucks counties. It is excellent for baking, a good shipper 
and a long keeper. It, however, requires a strong soil, and not much 
elevation. When planted on poor mountain land it is apt to twig 
blight, and has a general unthrifty appearance. 

Red Cider resembles Smith’s Cider, but is a better keeper and has 
more color and is in all respects a better apple. 


PEARS. 


The market for pears is likely to be greatly enlarged during the 
next few years. They are in good demand in European markets, 
when they can be placed there in good condition. The U.S. Depart- 
ment of Agriculture is making careful experiments in the matter of 
packing and refrigeration, two very important points in ocean trans- 
portation. It is hoped that as 4 result of these experiments, condi- 
tions will be so changed that pears will become a common export. 
Bartlett and Anjou pears have already been shipped to Edinburgh 
with such cold storage as we have, and sold at a profit, while Duchess 
have arrived in good condition without cold storage. We need not 
be afraid of planting too many pears at this time; before the trees 
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come in bearing the foreign market will be ready for them and proper 
facilities for transportation will have been arranged. The Paris Ex- 
position did much towards introducing American fruit to foreign 
nations, and our Government is doing what it can to make it possible 
for us to take advantage of the demand thus created. The Canadian 
Government is experimenting along the same line, and the Canadian 
erowers are eager to take advantage of any improvement in condi- 
tions. If Pennsylvania wants a share of this trade we should begin 
to plant at once. 
VARIETIES. 

Out of the great number of pears that have been tried at various 
times in this State, there seems to be only five that have stood the 
test of time and can be recommended as profitable market sorts, 
namely, Bartlett, Seckel, Duchesse d’Augouleme, Lawrence and 
Kieffer. We need a better early sort than Clapp’s Favorite for the 
home market, as it blights badly in many places and cannot be recom- 
mended for general planting. Catherine and Manning’s Elizabeth 
are prolific and of fairly good quality, but too small; the same objec- 
tion holds as to Tyson and Bloodgood. Here is a field for the ex- 
perimenter. 

Bartlett is the only pear that received a double star from every 
correspondent. It stands at the head of the list as a profitable 
market sort, and although some persons object to the flavor, it is the 
best seller in every market. The tree is less subject to blight than 
any other variety. It is a regular, heavy bearer and good shipper. 
Tt does well either as standard or dwarf. Pennsylvania Bartlett and 
Seckel pears have a place of their own in the home markets. They 
ripen a couple of weeks before those grown in New York, and so for 
a short time they have the market all to themselves, and if these two 
varieties are offered as soon as they mature they always bring a fair 
price and will yield more clear profit at that time than at any later 
period. They will do well on a clay soil too heavy for apples and 
can be grown on any deep, well drained soil, on mountain or valley, 
and will yield regular profitable crops. 

Duchesse d@ Augouleme is one of the best market sorts, and is re- 
markably healthy in tree and foliage. It is usually grown as a dwarf 
but will succeed admirably as a standard. The fruit is large and 
handsome, has a thick skin, is a good keeper, a good shipper, sells 
well in all markets, and when properly ripened, is an excellent pear. 

Howell is an excellent canning pear, very fine grained and white 
fleshed. A good shipper, if well grown and picked at exactly the 
right time, but it is subject to blight in most places. The fruit is 
also subject to scab, and in order to secure good fruit, the trees must 
be thoroughly sprayed several times during the season. 

Bose.—Is a luscious table pear of beautiful appearance, bears 
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early and regularly if planted on rather high ground in fairly fertile 
soil, with an open sub-soil, protected from piercing north winds, well 
cultivated and regularly sprayed to protect it from fungus and insect 
pests. It is a poor grower and, therefore, must be top-worked on 
some strong growing sort. It does admirably on the foothills of the 
Alleghenies, in Blair county, but on the rich bottom lands of the 
Susquehanna the pears are knotty and the trees subject to leaf 
blight. 

Lawrence is classed as a winter pear, and when grown on the 
higher altitudes may be kept all winter in an ordinary cellar, the 
same as apples are kept. It is very sweet and one of the best desert 
pears. The tree is a strong, vigorous grower and an abundant 
bearer. It is a good shipper, and when well grown and properly 
ripened always commands the highest price. 

Flemish Beauty, like the Bosc, succeeds best on the foothills and 
elevated small valleys. It is a beautiful pear, a good shipper, of ex- 
celient quality, but must be picked just before maturity. It does 
not succeed well in the Susquehanna Valley on account of leaf blight, 
which causes the foliage to fall off before the fruit is full grown, 
unless the trees are carefully sprayed several times during the 
season. 

Pitmarsden Dutchesse has been tried in Blair county and has done 
well. The tree is a fairly good, upright, grower and an enormous 
bearer of large fruit, ripening somewhat earlier than Duchesse d’Au- 
gouleme, which it much resembles. 

Madam Seibold is a seedling of some good pear and Chinese sand 
pear. The fruit resembles in color a golden russet apple when fully 
ripe. It has a bright, golden color, it keeps well and sells well in the 
markets of the western part of the State. It has only been grown 
to any extent in Blair county. 

Kieffer —The much advertised, much abused Kieffer also has its 
place. It is an excellent canning pear, and may be grown with 
profit in the neighborhood of a canning factory, but the general 
market is very easily overstocked with them, and unless there is a 
canning factory within easy reach, they should be very sparingly 
planted. 

Koonce is a large pear, a regular bearer, quite prolific. Is grown 
to some extent in Westmoreland county and found to be a profitable 
market variety. 


PEACHES. 


While peaches can be grown in every county of the State, it is not 
advisable to plant commercial orchards in regions much subject to 
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severe winters or late spring frosts. In districts where the ther- 
mometer frequently falls lower than 15 degrees below zero the crop 
will prove very uncertain. It is best to select a climate not given to 
extremes of any sort, and one which has a considerable rainfall, fairly 
well distributed throughout the year; for this reason the foothills 
of mountain ranges and high, narrow valleys, are desirable for 
reasons that have been previously stated. Some fields on a farm 
may be much better for peaches than others; high lands are gener- 
ally better than low lands; rolling land is better than flat; a water 
front on a lake or broad river is better than an inland location. In 
inland regions a hillside with a northern exposure is generally pre- 
ferred. When planting on a hillside care must be taken to keep 
above the frost line. 

Sovl.—The peach does not seem to be particular as to soil, but will 
succeed on any well drained land with a good sub-soil; the prefer- 
ence in this State appears to be for a sandy loam, filled with broken 
stone, from which chestnut timber has been removed. In York and 
Cumberland counties, what are known as the iron stone soils have 
given the best results. 

One very important point in the selection of location for a peach 
orchard has been overlooked by many Pennsylvania growers to their 
sorrow, namely, a deep soil. No matter how favorable are the other 
conditions, without a deep, well drained soil and a good sub-soil, no 
one may hope for a full measure of success, as the ripening crop 
needs a large amount of moisture and this cannot be obtained from a 
thin soil. 

Hasy Access to Market is an important point. The crop ripens 
rapidly and must be disposed of quickly, therefore it is essential that 
the orchard should be within easy reach of a railroad station, and if 
two competing lines of road can be reached an advantage in freight 
rates may be secured. This is more important with peaches than 
any other fruit crop. Pennsylvania is well supplied with good 
markets in its hundreds of mining and manufacturing towns, and 
most of her fertile valleys are intersected by railroads, so that good 
locations may be had in almost any part of the State within an hours 
drive of thé station. 

Varieties.—In the selection of varieties we must consider our mar- 
ket. Peaches must be sold direct from the tree, and can be held 
only for a very short time, hence to secure profitable prices we must 
have our peaches to ripen when our markets are not well supplied 
from other States. This necessitates the discarding of all varieties 
that ripen earlier than Elberta. The glut of southern peaches is 
over by the time Elberta is ripe, and then for about three weeks we 
have a comparatively clear field to operate in. Yellow fieshed 
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peaches are in better demand all through the season than white 
fleshed and usually command a higher price. The following are a 
few of the most popular varieties, with some criticisms, that have 
been made on them by correspondents: A 


Chair’s Choice, pronounced good in Franklin county. 

Salway does not succeed well everywhere. It should be planted 
on a gravel soil with good sub-soil, should have considerable eleva- 
tion, north or western exposure. It will not do on strong land con- 
taining a large amount of nitrogen ,or on clay land. 

A correspondent from Franklin county writes: “Bilyeus and 
Edgemont Beauty are the money makers.” 

Pride of Kennett, a medium late white peach, introduced by Rake- 
straw & Pyle, is a native of Chester county. It has an exceptionally 
fine flavor and beautiful color, but must be severely thinned, as it has 
a tendency to overbear, and on low ground in wet seasons will crack 
and mildew. It is a splendid peach for high ground that is rich and 
deep. 

Cumberland county claims two seedlings of merit, known as Seed- 
ling White and Seedling Yellow. They can only be found in the local 
nurseries. 

Fox Seedling, Ohio Beauty and Reeve’s Favorite are highly recom- 
mended for Cumberland county. 

Early Rivers, Hill’s Chile, St. Johns, Lewis and Kalamazoo are fav- 
orites in Erie county. Elberta has proven tender in Erie county. 

In Mercer county, A. B. Greenlee of New Lebanon recommends a 
native peach that reproduces itself from the seed. It is yellow 
fleshed and of excellent quality. It is quite extensively grown in the 
neighborhood of New Lebanon. 

Iron Mountain has been found to be very productive and profitable 
in Schuylkill county. Mr. W. H. Stout, of Pinegrove, has grown 
record-breaking crops of this variety. 

In the Susquehanna Valley, Crawford’s Late, Elberta, Globe and 
Red Cheeked Melocoton are the favorite yellow, and Old Mixon, 
Stump and Fox Seedling the favorite white varieties. 


GRAPES. 2 


For many years the grape industry in Pennsylvania has been con- 
fined to what is known as the Lake Erie grape belt. A narrow strip 
along the shore of Lake Erie in this State, and extending some dis- 
tance into the State of New York, being about forty miles long. The 
idea prevailed that the crop was surer and the quality of the grapes 
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better. This may have been true when such varieties as Iona, Diana, 
Catawba and Isabella were the leading market sorts; but since the 
introduction of Concord, Niagara, Moore’s Early and Moore’s Dia- 
mond, it has been found that just as good grapes can be grown in 
the Susquehanna Valley and along the foothills of the Alleghenies 
and Blue Ridge as can be grown anywhere. At the same time, in- 
sect pests and fungus diseases are becoming very troublesome in 
the Erie grape belt and growers there find that they are obliged to 
resort to the same methods for protection that have been found 
necessary in other places. So it would seem that this industry may 
now be extended to many other parts of the State, with equal profit. 

Varieties —The number of varieties of grapes found in our mar- 
kets has been much reduced within the past few years. The leading 
varieties in all commercial vineyards are: Concord, Niagara, Moore’s 
Early, Delaware and Moore’s Diamond. 


PLUMS. 


The general market is easily overstocked with plums. No one 
should make a large plantation of this fruit unless he has easy access 
to a canning factory. A reasonable amount can be sold in the city 
markets at profitable prices, but the canning and preserving factories 
must be depended upon to take the bulk of the crop. The industry is 
in its infancy in Pennsylvania. <A few large orchards of Japan plums 
have been planted, but it is too soon to state results. Some of our 
commission men think the Japan plums will grow im favor with the 
people. Others say their market does not want them. This is 
notably the case with Pittsburg. 

What is known as the York State Prune, has been grown with 
profit in Lackawanna county for the local markets. 

Yellow Gage, a native of Westmoreland county, is a medium 
sized yellow freestone of excellent flavor. A good and regular 
bearer; is propagated by sprouts from the roots; it sells better in 
the local markets than any other. Recommended by Wm. F. Bar- 
‘clay, of Mt. Pleasant Mills, Pa. 


CHERRIES. 


The sweet cherries have proven a very uncertain crop. It is easy 
to grow trees; they thrive on soils that are too thin and dry for any 
other fruit and seem to do better without cultivation than with it; 
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but favorable weather, just when the fruit is maturing, is absolutely 
necessary. A couple days of rain when the fruit is ready to pick, 
followed by hot sun, may cause the fruit to rot and render the whole 
crop unmarketable. Robins and catbirds are very fond of them, 
and destroy large quantities before they are ripe. We would, there- 
fore, advise against the extensive planting of sweet cherries in Penn- 
sylvania, aS we usually have thunder storms in June followed by 
hot sunshine, and our farms should be well stocked with robins 
and catbirds. It is different with sour cherries. They are not 
so much affected by rain, especially the later kinds, and the birds do 
not molest them. Land that is too thin and dry to grow other fruit, 
or even to grow good farm crops may be profitably utilized by plant- 
ing to sour cherries, and the general market has never been over- 
stocked with them. 

Book Cherry, a local Lancaster county variety, is dark red, ripens 
about the middle of June, it is medium to large, of fine flavor, a heavy, 
regular bearer, good shipper, hangs long on the tree before it de- 
clines; a very profitable market sort. Recommended by John Weit: — 
zel, of Bethesda, Lancaster county. 


CLIMATE. 


“The climate of Pennsylvania is remarkable for the great change 
it exhibits between the summer heat of the central and southern 
portion, and the extreme cold of the uplands of the northern coun- 
ties. The summer heats are more than tropical both on the Ohio 
river in the southwest, and the Susquehanna and Delaware in the 
southeast. While on the highlands of the northeastern counties and 
in Elk, McKean and other counties of that elevated plateau in which 
the Allegheny river takes its rise, the winters are sometimes of al- 
most arctic severity. The difference in elevation is the chief cause of 
the low temperature on the northern plateaus; their average being 
about 1,500 feet above sea level, in some cases, large tracts reach 
nearly 2,006 feet, still being generally level enough for cultivation. 
The Susquehanna Valley cuts deeply through the whole mass, and 
along the main stem and principal branches it affords a mild climate 
and prolific soil, admirably adapted to the production of fruit. Tor- 
nadoes and hurricanes, such as are known on the Atlantic Coast, from 
the Gulf of Mexico to New England, are never experienced within 
the limits of the State in any marked degree of severity. 

“Altogether, Pennsylvania has a climate highly favored in many 
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respects, usually dry, clear, elastic and invigorating. Just what is 
needed to produce fruit perfect in form, with high color and ex- 
quisite flavor.” 


SECTIONS FOR THE SELECTION OF VARIETIES. 


We have divided the State into seven sections or regions, desig- 
nated on the map and the accompanying tables by the numerals 1, 2, 
3, 4, 5, 6, 7, and in the list of fruits have marked each variety as it 
has been reported from each section; if fairly successful, with a 
single star, if especially recommended with a double star, in the 
column bearing the number of that section. 

While our classification may not fit every farm in each section, 
we believe that this, together with the discussion already had on the 
several leading varieties of fruit, will be near enough for all prae- 
tical purposes, and is probably as nearly accurate as we can gét 
with our present limited experience in. commercial fruit culture. 


No. 1. The Southern Region.—The great Cumberland Valley lying 
between the Blue or North Mountain, and the irregular chain of the 
South Mountain, taking in the south slope of the North Mountain, 
and all sides of the York Hills and the South Mountain as they ex- 
tend in a southwesterly direction through the counties of Cumberland, 
York, Adams and Franklin to the Maryland line. 

No. 2. Southwestern Region.—Following the Susquehanna River 
from Harrisburg to the Maryland line. The Schuylkill river from 
Allentown to its mouth. The Delaware River from Easton to the 
Delaware line. Including the counties of Delaware, Chester, Mont- 
gomery, Bucks, Berks, Northampton, southern half of Lehigh, Leb- 
anon, Lancaster and the southern half of Dauphin. 

No. 3. Northeastern Region.—The distinguishing feature of which 
is an elevated mountain plateau 1,200 to 1,600 feet above sea level, 
extending from Wayne and Pike counties southward into the coun- 
ties of Luzerne and Schuylkill. This plateau in its broadest part 
bears the name of Pocono, and seems to be well adapted to the pro- 
duction of winter apples and pears of high quality. It comprises the 
eastern half of Bradford county, all of Susquehanna, Wayne, Pike, 
Luzerne, Monroe, Columbia, Montour, Northumberland, Carbon, 
Schuylkill and upper Dauphin. 

No. 4. Northern Region.—Embracing the counties of Warren, Me- 
Kean, Potter, Tioga, part of Bradford, Wyoming, Sullivan, Lycoming, 
Clinton, Cameron, Elk and Forest. This region has not yet been de- 
veloped along the line of fruit production, but seems to possess all 
the requirements for the growth of apples of high flavor and good 
keeping and shipping qualities. In the opinion of the writer no bet- 
ter place can be found to grow winter apples than the rocky foothills 
of the mountains in this region. 
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No. 5. The Middle Region.—Traversed throughout from N. E. to 
S. W. by long, steep, rocky mountain ranges, which run in a gen- 
eral way parallel to the main ridge of the Alleghenies. The moun- 
tains are not high, the valleys as a rule are narrow, and get nar- 
rower as they leave the Susquehanna river. Peaches of the finest 
quality can be grown along the foothills of these mountains, and the 
failures that have been reported can nearly all be traced to the selec- 
tion of hilltops having a thin, shaly soil, that could not furnish suffi- 
cient moisture for the ripening crop. Wherever peaches have been 
planted in deep soil, above the fog line, which is also the killing frost 
line, they have proved most profitable. In this we have the counties 
of Union, Centre , Snyder, Blair, Huntingdon, Mifflin, Juniata, Perry, 
Bedford and Fulton. 

No. 6. Western Region.—All that portion west of the Alleghenies 
arained by the tributaries of the Ohio, comprising the counties of 
Mercer, Venango, Lawrence, Butler, Clarion, Jefferson, Beaver, Arm- 
strong, Indiana, Allegheny, Westmoreland, Cambria, Washington, 
Fayette, Greene and Somerset. This is naturally a good fruit dis- 
trict, but wherever coke ovens have been put in operation the fumes 
have been carried in the air for a considerable distance, and caused 
more or less discoloration of the fruit. For this reason we would not 
advise the planting of a large commercial orchard.on land underlaid 
with a considerable body of bituminous coal. 

No. 7. The Lake Shore Region.—Comprising Erie and the greater 
part of Crawford county. A singularly fine and temperate climate 
characterizes the shore of Lake Erie and completely controls a belt 
some 15 or 20 miles in width, known as the grape belt, while fur- 
ther inland, even 50 miles from the lake, this influence is sensibly 
felt. 
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THE STATE BY COUNTIES. 


ADAMS COUNTY. 


Considerable attention has been paid to commercial fruit culture 
in Adams county. The land is very much broken by irregular moun- 
tain ranges and spurs, which render ordinary farming difficult, but 
which furnish many excellent sites for orchards. The soil being 
strongly impregnated with iron, produces fruit of high color and at- 
tractive appearance. Here the Ben Davis, York Imperial and Gano 
apples are grown to perfection and with much profit, and all the 
mid-season and late peaches do well. Many new orchards of both 
apples and peaches are being planted this season, and altogether, the 
fruit industry seems to be in a more flourishing condition than in 
any other county of the State. 


ALLEGHENY COUNTY. 


With the exception of winter apples, very little fruit has been 
grown for market, but with proper care in selecting location for 
orchards, just as good fruit can be grown here as elsewhere. Peaches 
and plums are uncertain, owing to late frosts, and severe winters; 
where they have been planted at the proper altitude, however, they 
have succeeded very well. There is such an excellent home market 
for fruit of all kinds, that a special effort should be made to produce 
ie 


ARMSTRONG COUNTY. 


The climate is not subject to extremes of temperature, as the nortK 
winds coming from the lakes are somewhat modified; the high alti- 
tudes afford good locations for fruit growing. The soil on the eleva- 
tions is generally of a sandy character, and is usually underlaid with 
a deep clay. Good home markets are afforded by the many new in- 
dustries that are springing up. Little attention has been paid to 
commercial orcharding, but fruit of all kind is grown for home 
consumption. 


BEAVER COUNTY. 


All kinds of fruit do well if properly cared for, but up to this time 
it has not been grown as a special crop in a commercial way. Cher- 
28—6—1902 . 
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ries and plums do well when planted on soil suited to them. More 
attention is paid to apples than to other fruit. Benoni and Keswick 
Codling have been quite profitable. They are both medium early 
sorts and sell well because they are good for cooking purposes. Red 
Stark has also been mentioned as a very profitable sort. 


BEDFORD COUNTY. 

Owing to the mild climate Baldwin apples drop badly. York Im- 
perial and Ben Davis do fairly well. <A red winter apple of good 
quality is needed. Growers are trying Jonathan, Salome, Stark and 
Willow Twig. The quality of the latter is so poor that it should be 
dropped. Cooper’s Market seems to promise well. Peaches and 
pears should be grown with profit. 


BERKS COUNTY. 

Berks county has had a very active agricultural society for many 
years, and the annual exhibitions of fruit have stimulated this in- 
dustry very much. Considerable attention has been paid to the 
development and propagation of local seedling apples, a number 
of which have proven quite profitable. Benjamin’s Rambo is large, 
slightly acid, a good baker, one of the best sellers in the local market. 
{s good from the middle of September until spring and keeps in an 
ordinary cellar. 

Miller, Baer or Hiester, Belmont or Gate, and Yocob, are good 
keepers and do well. Krauser is one of the most profitable here as 
elsewhere. 

Prince Engelbert plum has been successfully grown in a number of 
places. 


BLAIR COUNTY. 

The elevated regions are good for fruit, especially apples and pears. 
Peaches can be grown, if planted above the fog line. Cherries 
and grapes also do well, but very little attention has been 
paid to fruit, only two or three commercial orchards are to be found 
in the county. 


BRADFORD COUNTY. 


Bradford is a dairy county, but some attention has been paid to 
fruit of late years. Baldwin apple leads as a profitable market sort. 

Northern Spy, R. I. Greening, Duchesse of Oldenburg and Yellow 
Transparent do well. Wagner sells well. The tree is an early and 
prolific bearer, but is apt to be short lived. Peaches and plums can 
be grown above the fog line. Im the Susquehanna Valley we find 
Concord, Worden, Moore’s Early, Brighton, Delaware and Niagara 
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grapes flourishing. With proper attention to this industry, Bradford 
can make as good a reputation for fruit as she has already made for 
her dairy products. 

BUCKS COUNTY. 

The red shale lands of Bucks county produce good fruit, espe- 
cially apples. Ridge pippin seems to be the favorite, as it is a good 
keeper and a good seller. Smith’s Cider is quite extensively grown 
and also Red Cider, which closely resembles Smith’s, but has more 
color, keeps better and seems to be a better apple. 


BUTLER COUNTY. 
Very little attention has been paid to fruit for market, but the 
red shale land which is found in many parts of the county always 
grows good fruit when the soil is deep enough for trees. 


CAMBRIA COUNTY. 

Is well adapted to fruit culture, although little attention has been 
paid to it. The soil and climate are quite uniform. Plums, pears, 
peaches and grapes have not been grown to any great extent, but are 
being pJanted and promise well. 


CAMERON COUNTY. 


Is as yet undeveloped, but when planted for home use, apples, 
} caches, pears and plums have done well. 


CARBON COUNTY. 


Is undeveloped, but newly planted orchards that are properly cared 
for are doing well. 


CENTRE COUNTY. 

Apples do well, and as there is a good nearby market in the various 
mining towns, a full line can be grown from the earliest to latest. All 
sorts of plums do well. Peaches are uncertain on account of late 
frosts. Cherries do not succeed in the lowest parts of the valleys, 
but on the hills, and along the base of the Bald Eagle and Allegheny 
mountains they do well and are profitable. 


CHESTER COUNTY. 

Here we find a great variety of soil, and constantly varying local 
conditions. The surface is very much broken. A certain variety of 
fruit will sometimes do well on one side of a low ridge, while on the 
other side it fails entirely. Although several of the oldest and most 
successful nurseries in the United States are located in the county, 
very little fruit is grown for market. A number of correspondents 
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express the idea that Chester county is not adapted to fruit growing. 
In the opinion of the writer, however, this is not the case. Much of 
the soil is strongly misaceous, furnishing an inexhaustible supply 
vf potash. If such a soil is thoroughly drained and has the proper 
altitude it should produce good fruit. We have no record of success 
with plums. Apples succeed when planted in the right place. 
Smith’s Cider for winter and Doctor for earlier in the season, seem 
to lead. Several local varieties have been quite profitable and are 
recommended for trial elsewhere. Mother is a very pleasant, sub- 
acid, red, fall apple, one of the best for use during September and 
October. 

Nottingham is a very good early winter sort, fair size, red color, 
rather tart, a good baker and good for eating. Tree vigorous, an 
early and prolific bearer. Recommended by J. Hibberd Bartram 
who has planted a large orchard of them. Above All and Laurel 
Pippin are two excellent winter sorts; both are high flavored, of fair 
size and good keepers. Recommended as worthy of trial by Frank- 
lin G. Brooke, of Pottstown. 


CLARION COUNTY. 


Little attention is paid to fruit growing, except for home use. All 
kinds of apples do well. European plums rot; Japan plums promise 
well. North and northeast exposures are preferred for fruit, as buds 
are apt to be killed by late frosts. 


CLEARFIELD COUNTY. 


Fruit industry is undeveloped. Apples, peaches, pears and plums 
promise well where they have been planted and are being cared for. 


CLINTON COUNTY. 


Apples are the principal fruit grown. Along the foothills of the . 
mountains some fine crops of Smokehouse, Baldwin, Northern Spy, 
Fallawater and Rambo are raised. A few flourishing peach orchards 
are reported in which Elberta, Crawford’s Early, Mountain Rose, 
Crawford’s Late, Stump and Old Mixon are found. The leading pears 
are Clapp’s Favorite, Bartlett, Seckel and Anjou. Little attention 
has been paid to plums or cherries, and quinces are only grown for 
home use. It would seem from the reports received that many parts 
of the county are admirably adapted to certain kinds of fruit, but the 
farmers have never given the subject much thought. 
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All parts of the county are not adapted to orchard culture. The 
fruit grown on the hills is not only finer than that grown in the val- 
leys, but the crop is more certain. Peaches bear in the valley about 
two years out of five, while on hills 500 feet above the valley they 
bear four years out of five. The hills generally have a yellow gravel 
sub-soil. The leading apples are Baldwin, Fallawater and Maiden’s 
Blush; Smith’s Cider and York Imperial are being planted, with good 
prospects of success. Laubach (local), a red sweet apple, is grown in 
different parts of the county for eating and for cider. It isa regular 
bearer, hangs well on the tree; keeps in an ordinary cellar all winter. 
Our correspondent reports that “Cider can be made very late from 
this variety fit to set before a temperance man or a preacher.” 

The peaches grown successfully in the hill orchards are Alexander, 
Early and Late Crawford, Elberta, Mt. Rose, Stephen’s Rareripe, 
Stump and Smock. Pears: Duchesse, Bartlett, Clapp’s, Sheldon and 
Kieffer. Plums, cherries and grapes are only grown for home use. 
The following varieties are giving satisfaction when planted in 
yards and gardens: Plums—German Prune, Lombard, Abundance, 
Satusma. Cherries—Spanish Yellow, Black Tartarian, Governor 
Wood, May Duke, Richmond. Grapes—Concord, Niagara, Brighton 
and Catawba. 


CRAWFORD COUNTY. 


Little attention is paid to fruit outside of the portion known as 
the grape belt, lying nearest the lake. The farmers of the county 
are principally engaged in stock raising and dairying. For some 
years grapes have been the leading fruit grown. Of late years, how- 
ever, the black rot has attacked the vineyards, and many large plan- 
tations have been dug out. Many growers are using Bordeaux mix- 
ture on their vines with the hope of saving them, and some with 
very good success. A few small orchards planted from 150 to 300 
feet above the level of Lake Erie are producing profitable crops of 
apples, peaches, pears and plums. The varieties are: Apples—Bald- 
win, Golden Russet, Gilliflower, Maiden’s Blush and Rhode Island 
Greening. Peaches—Late Crawford, Champion and Elberta. Pears 
—Bartlett, Clapp’s Favorite, Kieffer. Cherries—Goy. Wood, Black 
Kagle, Ox Heart, Black Tartarian. The leading grapes here as else- 
where in the State are Concord, Niagara, Delaware and Moore’s 
Karly. 


CUMBERLAND COUNTY. 
All kinds of fruit do well, especially along the slopes of the North 


Mountain and also the South Mountain or York Hills. European 
plums and cherries, both sweet and sour succeed very well. All of 
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the Japan plums have been tried in some parts of the county with 
very good success, being near market the early pears, such as Blood- 
good, Catharine, Clapp’s and Tyson are profitable. It has been 
found that the elevated ground along the foothills of the mountain, 
grow the best peaches, and the surest crops year after year. Varie- 
ties of fruit are selected with a view to their market value. As all 
kinds seem to succeed if properly cared for, small fruits of all 
kinds, but especially strawberries, are grown in large quantities and 
find ready sale in the Harrisburg, Carlisle, and Mechanicsburg mar- 
kets. These are the three principal shipping points for the county. 
While the soil in the valley is principally limestone clay, on the hills 
we find a variety of sand, loam, shale and flint soil, all of which are 
well suited to fruit culture. 


DAUPHIN COUNTY 


Contains a great deal of good fruit land along the banks of the Sus- 
quehanna and on the elevated portions of all the valleys running 
back from the river. The climate is mild, however, and apples ripen 
early. Northern Spy ripens and must be sold in October. Baldwin 
is in prime condition just before the holidays, York Imperial, Grime’s 
Golden and Strinetown Pippin have been successfully grown, and 
are profitable winter sorts, when planted on moderately high land, 
with deep open sub-soil. Peaches, pears, grapes and cherries flourish, 
if planted on proper locations and judiciously cared for. Small 
fruits have been grown in considerable quantities, but the industry 
has not been as profitable of late as formerly, and in consequence, 
the size of the plantations has been considerably reduced. 


DELAWARE COUNTY. 


Little attention has been paid to fruit culture for market. A\l- 
though all kinds of fruit do well if properly cared for, as is shown 
by the character of fruit grown in the small orchards planted for 
home use. Conestoga Seedling Cherry and Cumberland Seedling 
have been found profitable. The Pyle apple originated and is grown 
here. It is described as follows by Mr. Joseph H. Paschell, of Ward, 
Delaware county: “The Pyle apple originated in Thornburg, Dela- 
ware Co., is very closely allied in characteristics to York Imperial, 
but is a decided improvement, being better colored and smoother 
shaped, bears better and sells better.” Smokehouse seems to be the 
leading market apple. Bartlett the leading pear. Elberta the most 
profitable peach. 
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ELK COUNTY. 


Apples, pears and grapes do well. Only the hardiest kind of 
native peaches are grown. Japan plums succeed in favored locali- 
ties. All sorts of cherries can be grown. Fruit is very uncertain 
on land less than 600 feet above the creek level, as late and early 
frosts kill the buds. Apples can be grown on land 100 feet above 
creek level, which is about 1,200 feet above sea level. A1J1 the late 
winter varieties should succeed in this elevated country. 


ERIE COUNTY. 


All kinds of fruit succeed, and large quantities are grown and 
shipped out of the county. The grape belt has a world wide reputa- 
tion for the quantity and quality of its product. Fine Baldwin, 
Spy and King apples are sent from here as can be found anywhere, 
but they ripen early and are generally marketed before the holidays. 
Canning factories take large quantities of cherries, plums, peaches, 
Kieffer pears (which are sold to the public in cans labeled Bartlett), 
quinces and currants. All varieties of plums and all varieties of 
cherries succeed. Grape growers are making their principal plant- 
ings of Concord, Niagara, Moore’s Early and Delaware. It is a poor 
peach county generally, but in certain parts of the grape belt are 
found some fine orchards. 

Corry is a poor section for fruit, being too far from the lake shore. 
At Platea many vineyards are being pulled out on account of grape 
rot. Growers are just beginning to spray. 


FAYETTE COUNTY. 


While fruit cannot be profitably grown for market in many parts 
of Fayette county on account of the fumes from the coke ovens which 
ipjure its appearance, yet on elevated land away from the coke 
ovens, all kinds of fruit can be profitably grown. Most varieties of 
winter apples ripen in the fall, but York Imperial and Rome Beauty 
can be grown for late winter. Baldwin and Grime’s Golden for 
early winter. Northern Spy ripens in the fall and drops from the 
tree before maturity. Peaches, plums and cherries must be planted 
on high ground to escape late frosts. 


FRANKLIN COUNTY. 


Franklin county is destined in the near future to become the apple 
orchard of Pennsylvania. Large plantations have recently been 
made of Ben Davis and York Imperial, and others still larger are in 
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contemplation. Smokehouse, Grime’s Golden, Smith’s Cider and 
York Stripe have been grown with profit. Baldwin and Northern 
Spy ripen too early and drop their fruit before maturity. Mid-season 
and late peaches have given the best money returns. The proper 
elevation for both peaches and apples seems to be from 100 to 200 
feet above the lowest point of the valley or 600 to 800 feet above 
sea level. The surface is very much broken, the soil on many of the 
lower ridges and elevated valleys is a mixture of limestone slate 
and ironstone, which is seldom found outside of this belt. Here the 
finest peaches are grown. On the higher altitudes the soil is prin- 
cipally disintegrated mountain rock, mixed with considerable copper 
ore, which is claimed to be an ideal soil for apples, and justly so, for 
apples grown on these ridges ripen much later than those in the 
valley and are unusually fine and high colored. 

All kinds of orchard fruit and all kinds of small fruit do well. 
The demands of the market should determine the selection of varie- 
ties, as all seem to grow equally well. 


FOREST COUNTY. 


This county is undeveloped. The information obtainable on the 
subject was very meager. Apples, pears, plums and grapes can be 
grown, also peaches in favored locations, but up to this time have 
only been grown for home supply. 


FULTON COUNTY. 


All kinds of both orchard and small fruit can be grown in Fulton 
county. Owing to its southern location, special care must be taken 
to plant above the fog and frost line. It is especially adapted to 
apple culture. Orchards planted on the red gravel ridges have 
done very well. The county is as yet undeveloped, owing to the fact 
that it has no railroad within its borders. There is a road, however, 
in contemplation ,and when this is built there is no reason why 
apple and peach culture should not be two of the most profitable 
industries in the county. 


GREENE COUNTY, 


The high lands of Greene county are well adapted to all kinds of 
fruit. Apples have been grown for some time successfully in smal] 
farm orchards and the peach orchards that have been planted in 
recent years on high ground have succeeded. Owing to its southern 
location the matter of altitude is very important. The level and low 
lands are apt to suffer severely from late frosts. Grapes, plums and 
cherries do well and small fruits ought to be profitable, as there are 
a number of good markets within easy reach by rail. 
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Very few large orchards of any kind are to be found in the county, 
although the farms are well supplied with a variety of fruit for home 
use. All kinds do well when planted on high ground that is deep 
and has a good sub-soil. An orchard of Simpson plum, on the farm 
of Mr. A. A. Simpson, near Mill Creek, planted in 1880 and 1885 has 
been yielding profitable crops since 1890; this is a new variety that 
originated in Mercer county, Ill. It is hardy, a good bearer and 
shipper, has free seed and is a good seller. Peaches do well on high 
eround. Small fruits can be grown, but the nearby markets are 
well supplied with wild blackberries and raspberries from the woods, 
which sell very cheap during the height of the season. 


INDIANA COUNTY. 


No attention has been paid to fruit for commercial purposes. The 
soil of the valleys is principally heavy clay which is not adapted to 
the purpose. Apples, peaches, pears and grapes can be grown on the 
high ground. Japan plums that have been planted on high ground 
with a good sub-soil promise well. There are plenty of good loca- 
tions for orchards in the county, but railroad facilities are very poor, 
except in a very small section, and while this condition continues 
there is little inducement to plant. 


JEFFERSON COUNTY. 


Little attention was paid to the subject of fruit prior to 1890. 
Since that time a few orchards have been planted with good results. 
On the higher elevations all kinds of fruit do well, and there is a good 
home market in the different mining towns, both for orchard and 
small fruits at high prices. The most profitable apples are Baldwin, 
Spy, Rambo and Fallawater; in peaches, Elberta, Wonderful and 
Champion have been the money. makers. European plums of all 
kind rot badly. Burbank and Abundance are being tried, but no 
bearing trees have been reported. Withits high elevation, Jefferson 
county should produce the finest kind of winter apples. 


JUNIATA COUNTY. 


The Tuscarora Valley along the foot of Shade Mountain is a fine 
section for fruit of all kinds. Apples and peaches pay best. Many 
profitable orchards have been grown and many miserable failures 
have been reported from what is known as the “Juniata Peach Belt.” 
The principal cause of failure has been that the trees were planted on 
shallow, slaty hills, where they could not get sufficient moisture 
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during the summer months. Wherever peaches have been planted 
on a deep soil above the fog line they have paid well. Owing to the 
mild climate, apples ripen early and do not keep well, but to offset 
this they have good railroad facilities to market that take large 
quantities during the months of October and November. Smoke- 
house, Summer Rambo and Baldwin can be grown for fall and early 
winter. Grime’s Golden, York Imperial and Rome Beauty for 
later. The mid-season and late peaches have been found most profi- 
table. All kinds of small fruit can be grown, but the markets 
within easy reach are well supplied with wild berries. For this 
reason strawberries are the only small fruit grown to any extent in 
the county. 


LACKAWANNA COUNTY. 


Considerable attention has been paid to fruit, and many valuable 
varieties have been propagated, especially is this true of apples. 
The Bank apple (local), is sub-acid, medium sized, good for eating 
and cooking, an abundant bearer and ready seller. It ripens in the 
fall ,and is considered the best of its season wherever grown. The 
Clark (local) is also much esteemed by all who know it. The level 
lands do not grow good fruit, but the hillsides and higher ground 
produce all kinds in perfection. The best apples are Baldwin, Spy, 
King and Duchesse of Oldenburg. Pears—Bartlett, Clapp’s Favor- 
ite, Kieffer and Anjou. Peaches—Stump, Old Mixon, Mt. Rose, 
Crosby and Fitzgerald. Plums—AlIl seem to do well. Small fruits 
do well. Strawberries are grown principally and hauled by wagon 
to nearby markets. 


LANCASTER COUNTY. 


The farmers of Lancaster county have been so much occupied with 
the production of tobacco and wheat that the fruit industry has been 
sadly neglected, but there are thousands of acres not adapted to 
either of these crops that might be planted to orchard with profit. 
The most popular apples are Baldwin, York Imperial, Grime’s Golden, 
Smith’s Cider, Greist’s Winter and Krauser. Peaches—Elberta, 
Globe, Champion, Fox Seedling, Crawford’s Late, Mt. Rose and 
Crosby. 
Pears—Bartlett, Clapp’s Favorite, Lawrence and Duchesse. 
— Plums—AlIl kinds do well. Grapes, cherries and quinces are 

grown for home use in all parts of the county and grow well every- 
where. Spraying is only practiced by a few men as plantations are 
generally too small to warrant the expense of an outfit. 
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Little attention has been paid to fruit for market, but where 
planted on high ground with a good sub-soil and properly cared for 
it succeeds well. The most profitable apples are Baldwin, Ben 
Davis, Fallawater, Grime’s Golden and Austin Sweet. Peaches— 
Crawford’s Late, Old Mixon, Smock and Elberta. Plums—German 
Prune, Damson, Green Gage and Abundance. Cherries—Richmond, 
May Duke and Black Tartarian. Grapes—Concord, Delaware and 
Niagara. 


LEBANON COUNTY. 


Most of this county is well adapted to fruit culture. The best 
land is on the north side of Cornwall Hill, extending westward to 
county line. Here we find gravel, sand and what is known as iron- 
stone land; the best for fruit in the State. 

Best apples for Lebanon county are York Imperial, Baldwin, 
Strinetown Pippin, Dominie, Smokehouse and Yellow Transparent. 
Peaches—Elberta, Brandywine, Late Crawford, Globe, Mt. Rose, 
Stump, Old Mixon, Fox Seedling. Pears—Bartlett, Clarigeau, Law- 
rence and Kieffer. Plums—Wild Goose, Abundance, Burbank, Ger- 
man Prune, Prince Engelbert, Lombard. Cherries—Napoleon, Yel- 
low Spanish, Tartarian, Gov. Wood, Hortense, Richmond, Montmo- 
rency. Grapes—Concord, Worden, Niagara, Clinton. 

Small fruit culture is undergoing a change in this as in other 
counties. Small plantations are being started all over the county, 
near the manufacturing and mining towns, and the large growers are 
going out of business. 


LEHIGH COUNTY. 


The mountains run east and west and contain a variety of soil. 
Some very poor, but some very good fruit land. Apples, pears, 
plums, peaches, cherries and small fruits are grown for local 
market, but none are shipped out of the county. All kinds of fruit 
do well on the high lands. The leading apples are Smith’s Cider, 
Baldwin and Smokehouse of the older sorts. A number of local 
varieties are grown with profit, among which are Hundwerk and 
Herter, which originated in Heidelberg township. Both are winter 
varieties, long keepers, sub-acid, red-streaked, fair sized, good bakers 
and good sellers. Recommended by L. B. Geiger, of Hoffman. Baer 
- or Hiester originated in Berks county, a heavy bearer and late 
keeper. Lehigh Greening, a large, greenish-yellow fall apple, sub- 
acid ,a heavy bearer and good seller. Large Yellow Pie is a large 
early summer apple of first quality, slightly sub-acid, a heavy 
bearer. These have been recommended by Henry F. Rupp, of Seips- 
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town and W. B. K. Johnston, of Allentown. The leading pears are 
Bartlett, Seckel, Anjou and Kieffer. Many old pear trees of the 
Calabash and “Seed Time” varieties are still found in good bearing 
condition, from 90 to 100 years old, but as they die out they are being 
replaced by better and more modern varieties. In peaches, we find 
Elberta, Champion, Early and Late Crawford, Wheatland, Smock 
and Mt. Rose. 

Both European and Japan plums seem to do well where properly 
cared for. Several orchards of both apple and peach have been 
planted during the past year, and interest in fruit seems to be 
growing all over the county. 


LUZERNE COUNTY. 


Very little attention has been paid to fruit. There is a good local 
market for fruit of all kinds. On the higher altitudes high grade 
winter apples can be grown, and summer and fall apples for the 
local market do well in every portion of the county. Cherries and 
Peaches succeed in many places. Plums have, as a rule, proved a 
failure. This, however, seems to be due to destruction by the cur- 
culio and ignorance of preventive measures, rather than to any cli- 
matic or soil conditions. The leading apples are Baldwin, Rhode 
Island Greening, Smith’s Cider and Smokehouse. Pears—Bartleit, 
Clapp’s Favorite, Seckel and Duchesse. Peaches—Crawford’s Early, 
Elberta, Champion and Mt. Rose. Cherries—Gov. Wood, Tartarian, 
Napoleon, Montmorency and Richmond. Grapes—Worden, Concord, 
Moore’s Early, Niagara and Delaware. The principal drawback to 
orchard culture in the mining region is depredation by small boys 
and idle characters always found loafing around public works. 


LYCOMING COUNTY. 


. Apples can be grown successfully in most sections. Peaches and 
plums will succeed if planted on very high ground with a northern 
exposure. Otherwise they are apt to be killed by late frost. No 
attention has been paid to commercial fruit culture. Apples are 
recommended for the general market, other fruits for local market 
only. Small fruits produce enormously if properly cared for. The 
most popular apples are Baldwin, Smokehouse, Spy, R. I. Greening, 
Smith’s Cider and Grime’s Golden. Pears—Bartlett, Seckel and 
Kieffer. Peaches—Mt. Rose, Elberta, Early and Late Crawford, 
Smock and Salway. 


McKEAN COUNTY. 
No better place can be found for apples and pears. Some peaches 


are grown on the hills, but most of the trees are young and have 
not yet been proven. 
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Sour cherries do well. Blue Damson is the only plum grown to 
any extent, but other varieties will succeed if properly cared for. 
The leading apples are Baldwin, Spy, King, R. I. Greening, Grime’s 
Golden. Pears—Bartlett, Anjou, Clapp’s Favorite, Sheldon. 

Little attention has been paid to small fruit culture, because wild 
berries are so plentiful on the mountains and so cheap in the mar- 
kets. Growers are beginning to spray their apples, and to pay more 
attention to their orchards. The indications are that in a few years 
large quantities of apples will be raised in McKean county for ex- 
port. Where the trees are properly cared for the flavor is delicious 
and the quality of the fruit unsurpassed. 


MERCER COUNTY. 


Apples are the principal fruit, but peaches and plums do fairly 
well, both sweet and sour cherries, pears and grapes are grown suc- 
cessfully for home use. The leading apples are Baldwin, Spy, Hub- 
bardson and York Imperial. In addition to these, a number of varie. 
ties have been profitably grown. Stark, Mann and Winter Blush, 
for winter, Mammoth Pippin (ripe Sept. and Oct.), and Congress 
Pippin (ripe Nov. to Feb.), for fall, have been tried by Mr. A. B. 
Greenlee, of New Lebanon, and are pronounced by him, along with the 
four first named, the best out of forty varieties growing on his farm. 
He also names the Crosby peach as the best and most profitable. 

The best peach orchard is planted on a ridge from which chestnut, 
oak and hickory had been cut, at an elevation of about 1,200 feet 
above sea level, 100 feet above creek level. 


MONROE COUNTY. 


The best part of the Mt. Pocono region is in this county. All kinds 
of fruit do well, but care must be taken in selecting location for 
peaches, plums and cherries on account of early frosts in fall and late 
frost in spring. The leading apples are Baldwin, York Imperial, 
Stark, Duchesse of Oldenburg, King and R. I. Greening; Stayman’s 
Winesap has been fruited two seasons and gives promise of great 
value. The leading peaches are Elberta, Crosby, Old Mixon Free, 
Triumph, Mt. Rose, Early and Late Crawford, Chase Early and 
Reeve’s Favorite. The very early and very late varieties are not 
profitable. 

Very few plums are raised, but where properly cared for the follow- 
ing varieties have done well: Lombard, Wild Goose, Abundance, 
Burbank, Satsuma, Berkman and Red June. Cherries do well 
wherever apples succeed. Black Tartarian, Florence, Napoleon, B. 
Early Richmond, Louis Philip and Montmorency have been grown 
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with profit. The leading pears are Bartlett, Seckel, Manning’s Eliza- 
beth, Howell and Kieffer. 

From reports. furnished, we believe much of the high land could be 
profitably planted with peaches, as they grow well and the market 
for them is good. Winter apples of high grade can certainly be 
grown with profit. 


MIFFLIN COUNTY. 


The climate is too mild for high grade winter apples. It is well 
suited to peaches, pears, summer and fall apples, plums and grapes. 
All kinds of fruit grow well if properly cared for. The county is 
composed of a number of narrow valleys running back from the river, 
between ridges of varying height. On the ridges and some of the 
elevated narrow valleys are to be found many pockets of excellent 
fruit soil, deep and rich in mineral food; also a great many stretches 
of thin slate land. Many farmers have made the mistake of planting 
peaches on this thin slate land and after several years of work and 
waiting, dug up their trees in disgust and declare that there is no 
profit in fruit. Yet no finer peaches have ever been grown than 
those raised in properly located orchards in Mifflin county. The lead- 
ing apples are Baldwin, Ben Davis, York Imperial and Rome Beauty 
for winter, Smokehouse and Maiden’s Blush and Northern Spy for 
fall, Early Harvest and Summer Rambo for summer. The leading 
peaches are Elberta, Late Crawford, Mt. Rose, Chair’s Choice, Beer’s 
Smock, Globe and Stump. The leading pears are Bartlett, Clapp’s 
Favorite, Flemish Beauty, Seckel and Kieffer. The leading plums 
are Lombard, Wild Goose, Burbank and Abundance. Cherries— 

Gov. Wood, English Morello and Early Richmond. 


MONTGOMERY COUNTY. 


This being a dairy county, little attention is paid to fruit. There is 
a great variety of soil and much good fruit land that could be utilized. 
All kinds of fruit do well on high ground, and local markets are 
plenty. Strawberries are raised to some extent for the Philadelphia 
market. A number of peach orchards are being planted. Many 
farmers are still plowing and planting steep hillsides in farm crops 
at a loss, which could be planted to apples, pears and peaches with 
profit. 


MONTOUR COUNTY. 


Practically no attention has been paid to commercial fruit cul- 
ture, but from its location and elevation we would judge that all 
kinds of fruit can be raised, the altitude being from 700 to 1,000 feet 
above sea level. 
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The soil seems to be naturally adapted to all kinds of fruit, but the 
business is very much neglected. The best apple orchards are 
planted at the base of the mountains. The winter varieties, Bald- 
win, Ben Davis, Belleflower, Smith’s Cider and Peck’s Pleasant, are 
most profitable. The summer and fall varieties are not so desirable. 
Tew peaches are grown. Beer’s Smock, Reeve’s Favorite, Champion, 
Globe, Late Crawford and Old Mixon Free have been tried with 
moderate success. Bartlett, Seckel, Clapp’s Favorite and Kieffer 
pears have been grown. From reports furnished it would seem that 
the only fruit that has been grown with much profit is the winter 
apple. 


NORTHUMBERLAND COUNTY. 


Farmers are just beginning to take proper care of their orchards. 
They have the soil and location suited to the growth of all kinds of 
fruit, and the local markets in which to sell. In addition, they have 
excellent railroad facilities to reach markets more remote. The best 
orchards are found on the ridges on either loam, red shale or gravel 
soil. The leading apples are Baldwin, Smokehouse, Belleflower, Sum- 
mer Rambo, Yellow Transparent, Northern Spy, Early Harvest and 
Maiden’s Blush. The leading pears are Bartlett, Clapp’s Favorite, 
Flemish Beauty, Sheldon and Kieffer. Peaches—Early and Late 
Crawford, Old Mixon, Foster and Mt. Rose. Plums—Green Gage, 
German Prune, Wild Goose, Purple Niagara and Abundance. Some 
sinall fruits are grown for local market, but none are shipped out of 
the county. 


PERRY COUNTY. 


This should become one of the leading fruit counties of the State. 
it is crossed by several mountain ranges, between which are found 
elevated valleys and moderately sloping hills, with deep, sandy and 
loamy soil, often filled with broken stone rich in iron, on which all 
kinds of fruit will grow in perfection, but especially apples and 
peaches. It has good railroad facilities for reaching all parts of the 
State. The farmers are beginning to realize their advantages and 
are planting extensively in some sections, but have not given their 
orchards the attention they require. 

Owing to the mild climate, all fruit should be planted on high 
ground. Apples grown from 100 to 500 feet above the level of the 
Juniata river keep betier than those grown on lower land. It isa 
great country for cherries. All kinds, both sweet and sour bear 
enormous crops, but little attention has been paid to the finer sorts. 
The leading apples are Summer Rambo, Smokehouse, Baldwin, 
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Maiden’s Blush and York Imperial. Peaches—Elberta, Late Craw- 
ford, Globe, Old Mixon and Stump. Salway does well in certain 
places. The leading pears are Bartlett, Seckel, Duchesse and Clapp’s 
Favorite. 


PIKE COUNTY. 


Owing to its high altitude, Pike county is especially adapted to the 
production of winter apples of highest grade. Here can be grown 
Northern Spy, Baldwin, King, Spitzenburg, Grime’s Golden and 
Gilliflower. No attention is paid to orchards. The trees simply 
grow wild, and produce the finest fruit. Most varieties of pear do 
well. Bartlett, Seckel and Duchesse can be easily grown. Plums 
and cherries succeed in some places, but peaches are uncertain. 


POTTER COUNTY. 


The industry is undeveloped. Apples, pears and plums succeed 
as far as tried, on comparatively low land as well as elevated. 
Peaches have not been grown to any extent. Red Astrachan and 
Early Harvest apples are grown for summer, King, Baldwin and 
Spy for winter. 


SCHUYLKILL COUNTY. 


The character of the soil varies greatly according to the geological 
formation. The mountain ranges trend N. E.and 8. W. Fruit has 
been planted to some extent on the ridges between the mountains, 
at an altitude of from 500 to 900 feet above the Schuylkill river, with 
fair success. The peach orchards are located on the eastern slopes 
and level .plands formerly timbered with chestnut, while apples 
are doiig better on the lower levels where the soil is rather deeper 
and more clayey. At present fruit is only grown to supply local 
demand at the mines. None is shipped out of the county. The land 
seems to have little natural fertility, it is too porous on the hills, 
while on the low lands is usually found a tenacious clay resting on 
an impervious hard pan. The leading apples are Baldwin, Smoke- 
house, Summer Rambo, Grime’s Golden, Winesap and Maiden’s 
Blush. Pears—Bartlett, Clapp’s Favorite, Seckel and Kieffer. 

Peaches—Iron Mountain, Elberta, Mt. Rose, Early and Late Craw- 
ford, Old Mixon and Stump. Plums and Cherries are not grown to 
any extent for market, being liable to insect injury, rot and black 
knot. Only sour cherries and seedlings are grown. There is little 
demand for quinces, ad none are grown outside of gardens. 
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On the ridges of Snyder county is found deep, black ironstone soil, 
strongly impregnated with iron, which is the very best for peaches. 
Large orchards have been planted in recent years, many of which 
have already come into profit. On these ridges the later varieties of 
peaches can be grown. Salway has been planted in large quantities, 
and is pronounced the money maker. The following are also grown 
with much profit: Bilyeus Late October, Smock, Fords, Chair’s 
Choice, Elberta, Stump and Beer’s Smock. 

Apples are only grown for home consumpticn, but the soil and 
climate seem well suited to them, especially the fall and early winter 
varieties. Summer Rambo, Smokehouse, Baldwin, Yellow Trans- 
parent, Red Astrachan, York Imperial and Belleflower have been 
grown successfully. The leading pears are Bartlett, Clapp’s Favor- 
ite, Lawrence and Kieffer. The leading plums are abundance, Bur- 
bank and Imperial Gage. Cherries—Black Tartarian, Windsor, 
Montmorency and Early Richmond. Small fruits are grown by a few 
farmers for market, but the plantations are small and only worked as 
side issues. A few intelligent, energetic men have planted orchards, 
and by their judicious care have made them so profitable that quite 
an interest has been manifested lately all over the county, and if 
the same good judgment is exercised in the selection of sites for 
orchards as was shown when the first were planted, Snyder county 
is destined to make a name for herself shortly in the fruit markets 
of the country. 


SOMERSET COUNTY. 


With its rolling surface and many high hills, Somerset county fur- 
nishes many excellent locations for orchards. Owing to distance 
from market, little attention has been paid to commercial fruit cul- 
ture, but mining towns that have sprung up within recent years, offer 
a good home market and orchards are being planted. If care is taken 
to plant above the frost line, all kinds of fruit can be grown to perfec- 
tion. On the higher altitudes the Albemarle Pippin succeeds, and 
there is no more profitable market sort. Baldwin, Northern Spy, 
Twenty Ounce and Early Harvest succeed well, also a native seed- 
ling, called Spice Apple. The latter beings ripening in August and 
continues ripening until October and can be kept until March. It 
has a very rich, aromatic and acid flavor and is a good cooker. 

The leading peaches are Alexander, Early Rivers, Mt. Rose, Cham- 
pion, Lemon Free and Stump. Plums—Lombard and German Prune. 
All kinds of cherries do well, but no attention has been paid to the 
finer sorts. Concord, Worden, Salem, Niagara and Moore’s Early 
grapes do well , if planted above frost line. If care is not taken in 
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this, the blossoms are apt to be killed by late frosts, and this is true 
of all other fruit, even apples. 


SULLIVAN COUNTY. 


The timber has just been removed from the greater part of the 
land, and farmers are only beginning to turn their attention to agri- 
culture. Owing to its elevation, winter apples of high grade can 
be grown. Baldwin, Northern Spy, King, R. I. Greening, Spitzen- 
burg and Grime’s Golden should succeed well. Peaches are flourish- 
ing at an altitude of 1.500 feet above sea level. Freight rates are 
very high, as there is only one railroad in the county. Another road, 
however, will most likely be built soon. This will cause competition 
and freight rates will be lowered. 


SUSQUEHANNA COUNTY. 


This is a dairy county. Very little attention has been paid to 
commercial fruit culture, as freight rates are very high. The soil 
and climate are well suited to apples and pears. Peaches, plums and 
cherries are uncertain. Baldwin, Northern Spy, R. I. Greening, Gilli- 
flower and King apples flourish and produce large crops of the finest 
fruit without special care. The industry cannot be made profitable 
unless lower freight rates can be secured.: 


TIOGA COUNTY. 


This is not a peach county, although more peaches could be grown 
if attention were paid to location of the orchard. The red shale 
lands which abound in the county produce high colored, fine flavored 
apples, the very best of their kind. Plantations for market should 
contain high grade winter sorts, such as Baldwin, Spy, Hubbardson, 
King, etc. No sweet apples are grown as they do not sell well on the 
general market. Pears can be grown, also European and Japan 
plums, and both sweet and sour cherries. Orchards are very much 
neglected. 


UNION COUNTY. 


Farmers are engaged in raising cereal crops, and do not pay any 
attention to fruit. Many grow enough for family use, and sell the 
surplus in the nearest market. Many hillsides and elevated fields 
offer excellent sites for orchards, with congenial soil and climate. 
Some peaches are grown for market. 

The leading apples are Baldwin, Smokehouse, Early Harvest and 
Red Astrachan. Pears—Bartlett, Clapp’s, Seckel, Kieffer. Peaches— 
Alexander, Early and Late Crawford, Mt. Rose, Elberta, Stump, Old 
Mixon and Fox Seedling. Plums—Imperial Gage, Peach, Abund- 
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ance, Burbank, Red June and Satsuma. Cherries—Coes ‘Transpar- 
ent, Early Purple Guine, Montmorency Ordinary, English Morello, 
Richmond. Grapes—Concord, Delaware, Catawba, Niagara. 


VENANGO COUNTY. 


No attention has been paid to the cultivation of fruit. Farmers 
grow enough for their own use. ‘There are a few small orchards that 
supply local markets. The soil and climate is suitable for apples 
and pears. Peaches are uncertain, as the winters are cold, the ther- 
mometer often falling to 15 degrees below zero. They are grown in 
small quantities in favored locations. 

The following varieties have been grown. Apples—Baldwin, North- 
ern Spy, Red Astrachan, King, Twenty Ounce, Duchesse of Olden- 
burg, Early Harvest. Pears—Bartlett, Clapp’s Favorite, Kieffer and 
a local variety named Koonce, which is very large, ripens in August 
and sells well in the local markets. Peaches—Champion, Crosby, 
Elberta, Late Crawford, Old Mixon and Mt. Rose. Plums—Abund- 
ance, Burbank and German Prune. Grapes—Concord, Moore’s Early, 
Niagara and Catawba. 


WARREN COUNTY. 


This is an oil region. No attention has been paid to fruit. <A few 
orchards have been planted quite recently, which give promise of 
success. Apples do well wherever found in the county, but freight 
rates are so high that farmers are deterred from planting on a com- 
mercial scale. With a canning factory to utilize their product the 
fruit industry might be made profitable, as apples, pears, cherries and 
plums of the finest kind can be grown with proper care and atten- 
tion. 


WASHINGTON COUNTY. 


The farmers of Washington county have given their attention al- 
most exclusively to the raising of sheep, and have neglected fruit 
altogether. Many of the hillsides and hilltops could be profitably 
utilized by planting in orchards and the two industries flourish well 
together. No better plan of management can be adopted for an 
apple or pear orchard, than to seed it down to grass when it has 
reached a bearing age and pasture it with sheep. Farmers are be- 
ginning to plant apples, peaches, pears and plums. Owing to the 
mild climate, winter apples, such as Baldwin, Spy and King ripen in 
the fall, so that care must be taken in the selection of location. 
Peaches, pears, plums, grapes and small fruits when properly cared 
for seem to do well and promise to make profitable returns. The 
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leading apples are Rome Beauty, Grime’s Golden, Rambo, Northern 
Spy, Yellow Transparent, Duchesse of Oldenburg and Summer Ram- 
bo. Pears—Bartlett and Kieffer. Peaches—Elberta, Champion, Mt. 
Rose, Late Crawford, Stump and Old Mixon. Cherries—Yellow 
Spanish, Black Tartarian, Early Richmond. Leading plums are 
Damson, Lombard and Shipper’s Pride. 


WAYNE COUNTY. 


This is a dairy county, but altitude and soil are so favorable to 
apples that we find them growing wild in the pastures and on the 
hillsides. The finest winter varieties can be grown. Peaches can 
be grown if proper location is selected. Fruit trees are not cared 
for, and the fruit is roughly handled and carelessly packed. As a 
consequence prices received for Wayne county fruit have not been 
satisfactory, and the shippers have become discouraged. If the 
apple trees now standing in the county were properly cared for, and 
the fruit carefully graded and packed, it would command top prices 
in any market. The leading apples are Baldwin, Northern Spy, King, 
Hubbardston and Duchesse of Oldenburg. In addition, Mammoth 
Pippin, Seek-no-farther, Black Gilliflower, and Cooper’s Market are 
highly recommended. York Imperial is on trial, but too young yet 
to bear. The leading peaches are Triumph, Globe, Old Mixon, Craw- 
ford’s Early, Elberta, Crosby and Crawford’s Late. These have all 
been successfully fruited by Mr. E. E. Avery, of Dyberry, whose or- 
chard is planted on gravel soil 1,800 feet above sea level, and about 
200 feet above water level, and who, after years of experience raising 
and dealing in fruit, believes that Wayne county is a very good 
place to grow fruit for market, especially winter apples. 


WESTMORELAND COUNTY. 


Owing to its altitude above sea level, winter apples of high grade 
can be grown. Peaches can be grown on carefully selected locations. 
Also cherries, Japan plums and European plums. Little attention 
has been paid to fruit, but a few commercial orchards have recently 
been planted, which are not yet in bearing. The soil in the valleys 
is principally limestone clay, while on the upland, it is more sandy. 
The best fruit and the largest crops of fruit are grown on these sandy 
uplands. , The leading varieties of apples are Baldwin, Rambo, Ben 
Davis, Maiden’s Blush, Spitzenburg, Early Harvest and Winesap. 
York Imperial is on trial in many places, but trees are mostly too 
young to bear. Pears—Bartlett and. Kieffer. Peaches—Elberta, 
Crawford’s Early and Late, Mt. Rose,Old Mixon and Crosby. Plums— 
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Abundance, Green Gage and Wild Goose. Cherries—Black Tarta- 
rian, May Duke, English Morello and Early Richmond. 


WYOMING COUNTY. 


What are known as the “Hill Lands” are well adapted to all kinds 
of fruit. Frost, mildew and blight, injure trees planted on low 
ground. There are good local markets for all fruit grown and much 
more attention should be given to the industry. The leading apples 
are Baldwin, Northern Spy, Ben Davis, R. I. Greening, Gilliflower, 
Red Astrachan and York Imperial. Pears—Bartlett, Seckel, Flem- 
ish Beauty and Kieffer. Peaches—Crosby, Elberta, Old Mixon and 
Mt. Rose. 


YORK COUNTY. 


The range of low mountains known as the York Hills, which tra- 
verse the county in a southeasterly direction seem to furnish all 
the conditions of soil and climate needed to grow apples, pears, 
peaches, plums, cherries, and all the small fruits to perfection. On 
these ridges we find a great variety of soil, but what is known as the 
iron stone land produces the best fruit, especiaily peaches. The San 
José or Pernicious Scale has caused great havoc among orchards all 
over the county and growers are much discouraged. The leading 
apples are York Imperial, Grime’s Golden, Ben Davis, Smokehouse 
and Yellow Transparent. 

Pears—Bartlett, Clapp’s Favorite and Kieffer. | Peaches—Mt. 
Rose, Elberta, Early and Late Crawford, Globe, Smock, Stump, Fox 
Seedling and Salway. Plums—Wild Goose, German Prune, Green 
Gage, Abundance and Burbank. Cherries—Napoleon, Goy. Wood, 
Black Tartarian, Richmond and May Duke. Grapes—Concord and 
Niagara. Harrisburg and York furnish two excellent markets for 
all the fruit that can be grown, and the industry was in a very flour- 
ishing condition before the appearance of San José Scale. 
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THE NATURAL IMPROVEMENT OF SOILS. 


By EDWARD B. VOORHEES, M. A., Director of the New Jersey Agricultural Experiment Stations. 


The farmer’s primary source of income is the soil; the success of 
his operations, therefore, depends upon its original composition and 
character, its management and the handling of the products raised. 
The management of a soil, however, is quite as important a factor 
as the character of the soil itself, for it may be directed in such a 
way as to result either in rapid impoverishment, or in great improve- 
ment in productivity. In other words, the man is the most import- 
ant factor in farming, as in other lines of business. 


How Soils Differ. 


In studying the nature of soils, we find that they possess two 
distinct characteristics, which have a direct bearing upon their 
fertility, or crop-producing power; one of these characteristics is 
the chemical, or the power which soils possess of furnishing those 
constituents that are necessary in the growth of plants, though it 
is not necessary that soils, perfect from the chemical standpoint, 
that is, that can furnish an abundance of the essential plant-food 
constituents for all kinds of plants, shall contain the constituents 
in the same proportion as they are found in plants. In fact, be- 
cause of the origin and nature of soils, those constituents which are 
contained in them in maximum amounts are found in plants in 
minimum amounts, while on the other hand, those constituents which 
are contained in plants in maximum amounts are found in minimum 
amounts in soils, thus making the value of a soil from the chemical 
standpoint dependent rather upon the relative amounts of the four 
constituents, which by the continuous growth of plants are removed 
more rapidly from the soil than the others, viz: Nitrogen, phosphoric 
acid, potash and lime. These are, for this reason, called essential 
manurial constituents, and the wide differences in soils in respect to 
their content of the substances which furnish them are due to the 
changes which were wrought in the surface of the earth during its 
formation, to those which have taken place since, as well as to 
those which are going on in a small way even at the present time. 

It is believed that the original earth crust contained all the min- 
erals now found in it, and that at the beginning they were distrib- 
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uted more uniformly throughout its mass than at present. In the 
harder rocks, the sandy particles were cemented together by ma- 
terials more easily disintegrated and the separation thus made in 
the course of time enabled the movement of the particles so sepa- 
‘ated in a different way, the coarser materials were distributed 
and deposited as gravel and sand in one place, and the finer carried 
and deposited in another, making the clay; the lime entered partly 
in solution, and was distributed and finally deposited in another 
place, thus giving us sandy, clayey and limy soils, all differing from 
each other in their amount and proportion of both the purely me- 
chanical substances, which serve no other purpose in soils than 
the support of the plants and in contributing to physical character, 
and of the chemical substances which contain the essential fertil- 
izing constituents, and which in their decay provide the food in an 
available form. 

In addition to these kinds of soils, there are others of more recent 
origin, made up largely of vegetable matter, due to its accumulation 
in a partially decayed state; these are frequently rich in nitrogen 
and poor in all of the essential mineral constituents. These con- 
siderations as to the origin of soils are valuable in indicating their 
chemical composition and possible potential value. 


Chemical Differences in Soils. 


In the next place, fertility depends not altogether on the amount 
and proportion of the essential constituents contained in soils, but 
also upon the character of the mineral substances which contain 
them, that is, whether they are of such a character as to be readily 
disintegrated or broken down, or whether they are hard and dense, 
and thus resist those agencies which are active in causing such 
disintegration. It is quite possible for a soil to be rich in all of 
these constituents, and still be infertile, because the character of 
the substances making the soil are such as to prevent their ready 


attack by those agencies which cause the constituents to become 
active. 


Physical Differences in Soils. 


The second valuable characteristic of soils is their physical char- 
acter. This characteristic is not altogether separate and distinct 
from the chemical, nevertheless it has to do more particularly with 
the purely mechanical substances contained in soils and their fine- 
ness of division, and has an important bearing upon the actual 
fertility. In order that we may understand this matter more clearly, 
it is well perhaps to point out that the substances which constitute 
the bulk of soils are in an insoluble condition, while the plants 
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take up their food in a soluble condition, hence changes must take 
place in these substances before they can serve as plant food. The 
plant roots themselves assist to some extent in causing this change, 
thus rendering the constituents soluble, still, the great factor in 
this change is the action of those natural forces, water, sun and air. 
Water has a solvent effect upon the constituents of soils, and unless 
it can freely penetrate and reach every portion of the soil its power 
is very much reduced. That is, if the soils are so compact and dense 
as to prevent the free penetration and movement of water in 
the soil, the plants are not able to readily obtain their food, and 
thus make maximum growth and development, because enough is not 
distributed throughout those soil layers to which the plant roots are 
limited. On the other hand, soils that are too open and porous, 
that are made up of rather coarse particles of mineral substances, 
as, for example, sandy soils, made up chiefly of quartz, the water 
penetrates and moves too freely, and the dissolved constituents 
that are present are too readily carried away from those parts of 
the soil in which the plants obtain their food, thus again not pro- 
viding the best condition for its appropriation. 

Furthermore, the reservoirs of water under these soils, or in the 
subsoils, and which are also extremely essential, are rapidly de- 
pleted, as the water escapes very freely from the soil in the form 
of vapor, and this prevents the plants from obtaining so large a 
proportion of the water that is stored in the earth, as if the condi- 
tions of soils were such as to prevent the free escape from the sur- 
face. Between these two extremes of soils, first, those with very 
finely divided particles, making the soil too compact and thus im- 
pervious to water; and second, those that are made up of coarse 
particles, we may have a mixture of the two, which is probably well 
represented by what is understood as a loam, which possesses in 
part the properties of each in such a degree as to make the move- 
ment of the water more nearly perfect in respect to its supply to 
plants. That is, we obtain the solvent effect of the water, as well 
as the free movement of it, which contributes both to the solution of 
constituents and their movement throughout the soil where needed. 
It, therefore, frequently happens that from soils reasonably rich 
or even very rich in chemical constituents, results are obtained 
that are far below what might be expected from the composition of 
the soil, because their physical character is such as to prevent the 
movement of water, and consequently the necessary changes which 
make it possible for the plant to obtain its food. These considera- 
tions are also true in a degree in reference to the action of the 
other natural agencies, air and warmth. Only in the case of those 
soils which possess good proportions of the various substances mak- 
ing up soils, do we receive the full benefit of Nature’s aids, 


No. 6. DEPARTMENT OF AGRICULTURE. 457 


The Biological Character of Soils. 


The physical character of soils, also, has an important bearing 
upon the question of the living organisms in the soil, whose activity 
in improving soils is very important, though not appreciated until 
recent years, and not yet fully understood. Soils are not, as has 
been believed to some extent in the past, dead things, serving only 
as banks from which we may draw out deposits of materials, already 
in a state capable of serving as food, but are rather laboratories, 
in which the natural agencies, already described, are actively en- 
gaged in working over the raw materials, converting them into 
forms available for use. They contain millions of living creatures, 
small to be sure, which depend for their life upon air, moisture and 
the insoluble matter in the soil, the latter of which in the transfor- 
mation which takes place in the growth of organisms, is changed 
into forms which the plant can absorb. 

It must not be forgotten that these lower orders of life depend for 
their best growth and development upon the conditions that are fa- 
vorable for the life and growth of the higher orders of life, namely, 
food, moisture and warmth, and as the farmer by his practice makes 
the conditions favorable for their life and thus encourages their 
growth, he provides for a more rapid change of soil substances, while 
on the other hand, if he by his practice prevents or in any way re- 
duces the opportunities for the life and growth of these agencies, he 
reduces in just that degree the possible usefulness of the potential 
fertility of such soil. For example, the farmer who allows his soil by 
improper treatment to become compact and hard, thus not permit- 
ting the free movement of air and water, is making the conditions 
unfavorable for the living organisms in the soil, and is preventing in 
part the change of insoluble into soluble substances, the result of 
which is food for the plant; while, on the other hand, the farmer who 
by his practice makes the conditions for life in the soil favorable by 
controlling the movements of water , warmth and air, obtains from 
his soil a larger crop, because he has directed in an intelligent way 
the agencies which assist in the change of soil substance, and which 
is necessary in order to insure an abundance of available food, which 
assists in the natural improvement of soils. Improvement of soils 
may, therefore, be brought about, and without expense, by assisting 
Nature, in changing for the better both the chemical and physical 
character of soils, and by controlling the movements of the soil 
solutions. Efforts in this direction may be called “natural methods 
of improvement,” because the aim is to assist Nature in her work 
which results in changing potential or possible into active, or actual 
fertility, rather than to add to the soil substances which contribute 
directly to the store of active constituents. 
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The Conservation of Moisture. 


While the chemical and physical character of soils are of primary 
importance, and do in a large degree determine the possible pro- 
ductive power of soils, still the handling of the soil possessing these 
characteristics even in a high degree is of equal importance. That 
is, a soil however perfect as a place for the growth of plants, or 
however rich in the plant-food elements, cannot be productive 
without water, and the amount of water that plants may have at 
their disposal during periods of limited rainfall is measured in 
large degree by the methods of practice used. This point is of so 
much importance and has so intimate a bearing on soil improvement 
that it warrants a rather detailed discussion of the question of the 
conservation of soil moisture. 

Water is one of the most important constituents of plants. If 
perfect growth and development are to be attained, it is necessary 
that the plant shall be able to obtain a full supply during its entire 
period of growth. It is not simply a question of water, however, 
for the water that plants use must exist in a special form in the 
soil, and it must exist there in proper amounts. Soils may contain 
too much or be too wet for the proper growth of the most useful 
plants, if the water is not located in the right place. Water exists 
in soils in three forms; first, free, or running water, or bottom water, 
or that which fills the soil, and rises and falls as it is increased or 
decreased by more or less percolating into it from the rains—the 
point to which it rises is called the water level; second, capillary 
water, or that held by the adhesion to the soil particles, and which 
fills the openings between the particles; and third, hygroscopic 
water, or that held firmly by the particles of soil. Land is too wet 
for growing plants if there is too much free or running water, or 
if the water level is near the surface, as it prevents the circulation 
of the air and the penetration of the roots to sufficient depths. 

Plants do not, as a rule, use the running water; they are able 
to obtain all they need when land is moist rather than wet. For 
this reason the water in soils useful for plants is usually referred 
to as the moisture rather than the water of the soil. This moisture 
of the soil is really, therefore, the capillary water, or that held by 
adhesion to the soil particles, and while there may be too much 
capillary water in soils for the best development of plants, because 
certain kinds of soils may absorb too much, it is not usually a serious 
matter, because the difficulty can be readily remedied, as will be 
pointed out later. 

The hygroscopic water is that which is very slow to escape, in 
fact, it must be driven out of the soil. That is, soil which appears 
to be absolutely dry may still contain this hygroscopic water, and 
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in order that it may be perfectly dry, it must be driven out by 
heating the soil up to the temperature of boiling water for a consid- 
erable period of time—at this temperature (212 degrees Fahr.) the 
water vaporizes and escapes into the air. Naturally, this form of 
water in the soil is not a useful one for plants, as it exists in soils 
after plants have perished for lack of moisture. 


Rainfall the Source of Soil Water. 


The water in soils is due to the rainfall; the water-level in the 
earth rising in seasons of greatest rainfall, or wet periods, and falling 
in dry periods, hence, while the water that plants obtain is due to 
rainfall, it does not follow that it shall occur immediately preceding 
or during the season of the plant’s growth. For example, there are 
places where the rainfall in the course of a year is so great as to 
provide such a total excess of water as to cause the soil to be thor- 
ougly saturated, or to keep the level so near the surface as to prevent 
the growth of plants, yet luxuriant crops are grown in these places. 
This is explained on the ground, first, that while the average rain- 
fall is so great as to cause the soil to be thoroughly saturated, the 
time of the rainfall is such that during the crop-making season a 
sufficient amount only is provided for the plants; that is, that which 
falls during the season that crops are not growing partly sinks into 
the soil and partly runs off, and by the time the crop-season is ready, 
the water level is lowered sufficiently to enable the plants to throw 
their roots deeply, and they are fed with the capillary water drawn 
from the reservoirs below, which were filled by the preceding rains; 
and second, though the rainfall may be, on the average, too great, 
the soil is of such a character, open and porous, as to enable the rapid 
percolation of it to lower levels, and the climate such as to cause 
a rapid evaporation of it into the atmosphere. The moisture that 
may be obtained from rainfall is, therefore, influenced by two con- 
ditions, the time of its precipitation and the character of the soil 
upon which it falls. 


An Even Distribution of Rainfall Desirable. 


The water from the immediate rainfall to be most useful to plants 
should be distributed evenly throughout the growing season; in such 
cases, a minimum precipitation would provide for a maximum pro- 
duction, if the soil is of such a character as to retain and hold that 
which falls upon it for the use of the plants. Therefore, while rain 
is the primary source of water to plants, needed amounts may be 
obtained from underground supplies. That is, the season of rainfall 
may occur during the time when plants are not usually growing, 
but the water sinks into the soil which holds it as in a reservoir, 
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and as the plants grow the moisture is gradually drawn to the 
surface by the influence of capillarity, and the amount necessary 
for full production is obtained, and while its original source is the 
rainfall, the immediate supply to the plant is derived from that which 
has fallen a considerable time previous to the period of growth of 
the plant. 


Wet and Dry Seasons. 


In countries and States where the year is divided in respect to 
rainfall into a rainy season and a dry season, the above considerations 
are well understood, and methods of practice which shall result in 
the conservation of moisture are of the greatest importance. In 
what are called the humid regions of the country, the crop does 
depend in many cases more largely upon the immediate rainfall than 
upon that which has fallen previously, and in these regions there 
are seasons when periods of drouth intervene, which make it neces- 
sary that a study should be made of the causes which contribute to 
the rapid escape of water from the soil, and thus make the supplies 
insufficient to furnish plants with what they need during the grow- 
ing season. 


The Loss of Water From Soils. 


Water escapes from the soil by rising to the surface, where it is 
vaporized, absorbed by the atmosphere and carried away by the 
wind. The escape of water is, therefore, principally due to capil- 
harity, for as the dry air passes over the surface of the earth, as 
well as circulating through the surface area, it absorbs all the mois- 
ture it comes in contact with; more moisture then rises from below 
to take its place, and so on until only the hygroscopic water is left 
in the surface, or within the reach of the roots. 

It has been observed that all soils in the same climate do not 
become dry at the same rate. That is, one soil will remain wet, 
another reasonably moist, and another absolutely dry, as far as 
plant growth is concerned, and these in many cases may all be 
located on the same farm. These differences are due to the char- 
acter of the soil, or the particles that constitute it, which have a 
greater or less power of retaining or holding fast to the moisture 
contained in it. Or, in other words, the character and texture of 
the soil influences the rate at which the water will escape. By char- 
acter of the soil is meant its composition, both in reference to the 
minerals that are contained in it, as well as the size of the particles 
of which it is composed, or its texture. 

A elay soil will hold water more tenaciously than a sandy soil. 
Lhe clay soil is composed largely of a mineral known as silicate of 
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alumina, capable of very fine division and close compaction; the sandy 
soil, on the other hand, is usually made up !targely of quartz, a sub- 
stance hard and stony, and not easily compacted. The clay, which 
is more finely divided and does not consist of stony particles, can 
be compacted so closely as to prevent the rapid escape of moisture, 
whereas the sandy cannot be readily compacted; it falls away again 
after pressure and the air and water circulate freely through it. As 
a broad, general rule, the finer the texture of a soil, the more retent- 
ive of moisture it is, and the coarser the texture the more readily 
will the water escape from it. In the first place, then, the greater 
or less retaining power of soils for water is due to their physical 
character, and in order to increase or decrease their retentive power 
their texture should be changed. 

It must be remembered, however, that there is such a thing as 
a soil being too compact from the standpoint of moisture to plants, 
because this fineness and compactness prevent the ready penetra- 
tion of the moisture into it; whereas, the open, porous soil permits 
its ready penetration, thus the one will, because of its compactness, 
result in the water flowing off rather than into it, and hence it will 
not always have as much moisture at a certain definite time after 
rainfall] as the one which is more open and porous, and which per- 
mits a larger direct absorption and a ready percolation into the 
lower layers or reservoir below. Therefore, in the study of soil 
moisture in reference to the plant's needs, improvements of physical 
character are found to be of service, both in the humid and semi- 
humid districts, as well as in the arid or semi-arid, where irrigation 
is practiced; in the case of the easily compacted soil, to enable a 
greater absorption of that which falls and in the open, porous soil, 
to cause a greater retention of that which is absorbed. 

The improvement of clay, or finely divided soil, should consist 
of such operations as will separate the particles, and make the soil 
more open and porous; this may be accomplished by the introduction 
into the soil of such substances as will coagulate, or bring together 
the fine particles, thus making the soil more porous. For example, 
liming a clay soil does improve its physical character and makes it 
more absorptive; it seems to have the power of collecting the very 
finely divided particles and partially cementing them into masses, 
and making the particles larger, thus making the openings between 
them greater, which permits a readier penetration into them of 
water and air. So, too, the introduction of vegetable matter, as 
coarse manures, influences and improves clay soils in this respect; 
the absorptive power of the soil is increased by the separation of the 
particles, not only, but because a substance has been introduced into 
the soil, which in itself has a greater absorbing power. 


28 
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In the case of the sandy soil the same methods may be used, 
though the results are directly the opposite of those in the case of 
the clay. The addition of the lime, for example, has a tendency to 
cement together and to solidify the stony particles, thus closing up 
many of the pores and preventing the too rapid percolation of the 
moisture to lower levels, as well as its rapid escape, while the intro- 
duction of vegetable matter improves largely because the matter 
itself has a greater absorbing and retaining power than the mineral 
constituents of the original soil. 

The aim, therefore, in both of the cases referred to is to get into 
and to hold in the soils of various kinds the water that falls in the 
rains, and conserve it for the plant during its entire period of growth. 
That is, all methods of improvement are based upon the principle 
that water that is most useful to the plant is absorbed or held by 
capillary attraction, and that its escape is due to the same cause 
or capillary attraction. Where water exists in soils in the running 
or free state, or in a form not useful to plants, where the water 
level is too near the surface, the improvement then must consist 
of operations which will lower its level in the soil so that an abund- 
ance of room may be provided for the distribution of the roots of 
the plants, and in order that the circulation of the air may not be 
impeded, drainage is necessary here, and will be discussed later. 


Amount of Water Required by Plants. 


The amount of moisture that is consumed by a growing plant is 
comparatively enormous, that is, the amount of water required for 
growing a crop is very great in proportion to the dry matter con- 
tained in it. On the average, in order to obtain one pound of dry 
‘matter in the crop, over 300 pounds of water will be required; that 
is, over 300 pounds of water must have been obtained by the roots 
and carried up through the plant and sent into the atmosphere from 
the leaf surface. Hence, some idea of the very great amount of 
water that is necessary for the growth of a large crop is gained. For 
example, a crop of hay from an acre of land, which contains a ton 
(2,000 pounds) of dry matter, would not be regarded as a large crop, 
yet in order to obtain it, there would be required over 300 tons (600, 
000 pounds) of water, and since plants vary in their needs, the max- 
imum requirements for a pound of dry matter may be as great or 
greater than 600 pounds, or, in other words, large crops may draw 
as high as 2,000,000 pounds of water from an acre. 

While the object in the conservation of soil moisture is to hold 
it for use of the crop, it must not be understood that all crops are 
equal in respect to their requirements. Crops differ widely in re- 
spect to their use of soil moisture, depending upon the kind of crop, 
the length of their period of growth and the object of their growth. 
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As a broad general rule, the broad-leaved plants and those which 
do not throw their roots deeply into the earth require more moisture 
in proportion to the dry matter contained in them than the finer- 
leaved plants, than those with less leaf surface and whose roots pene- 
trate more deeply into the soil. For example, plants belonging to 
the grass family, as the grasses, useful for hay, and cereal grains, 
which do not present so large a leaf surface, and whose roots have a 
tendency to go deep into the earth, do not use up the moisture as 
rapidly as the legumes, or many of the vegetables, which have a 
larger leaf surface. The latter require the maximum amount of 
moisture in the soil, and suffer seriously immediately there is any 
lack. 

While the total amount of water used may be the same for dif- 
ferent plants, the time required for their growth and maturity 
must also be considered. <A crop of wheat, for example, because it 
requires a longer season for full maturity may obtain its necessary 
moisture, though the soil contained too low a percentage to enable 
a potato crop, which grows and matures quickly, to obtain a full 
supply; a short drouth would not materially injure the wheat while 
it might ruin the potato crop, because of the difference in the length 
of the period occupied in the growth of two crops. 

Where the object of the growth is succulence, and the leaf or 
root constitutes the crop, as in the case of many vegetables, as let- 
tuce, beets, etc., an abundant and continuous supply of moisture is 
of greater relative importance than where the object is maturity, 
and the seed constitutes the crop, because any delay in growth in 
the former caused by lack of moisture is accompanied by a reduction 
in quality, as well as yield; whereas, in the case of wheat or other 
cereals the influence of delays in growth are more readily overcome, 
besides the yield rather than quality is affected. These considera- 
tions are useful in suggesting kinds of crops to grow under condi- 
tions of known rainfall. 

A careful review of the principles here pointed out shows the im- 
portance of adopting and using methods that will aid as far as possi- 
ble in retaining in the soil the moisture necessary for the growing 
plant; or in other words, to so direct it that it may pass through the 
plant into the atmosphere, rather than directly into it from the 
surface of the soil. 


Conserving Moisture. 


To do this, is called “conserving moisture,” and many of the opera- 
tions of the farm, which are now carelessly performed, which result 
in useless losses of moisture, may be changed so as to make them 
assist very materially in saving it for the use of the crop, and while 
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the location of the soil, its character, its composition, its texture 
and the kind and character of crops all exert an influence, and 
while the principles as pointed out must be understood, the judg- 
ment of the farmer must be exercised in using the various methods 
that may be suggested, in order that they may apply to the best 
advantage in his particular case. 


What is Meant by Tillage. 


In the first place, tillage results in conserving moisture, that is, 
tillage, while ordinarily performed for the sake of getting the land 
in condition to receive the seed, and for the sake of removing or 
preventing the development of foreign growths, may be carried out 
in such a way as to accomplish mot only these objects, the primary 
purpose in the minds of many, but also to accomplish great things 
in preventing useless loss of moisture, and thus result in providing 
the plants with their normal requirements. Tillage consists ordi- 
narily in plowing, cultivating, harrowing and rolling, and each of 
these operations may be so directed as to needlessly waste soil moist- 
use, or to conserve it. Just how plowing has an influence in coa- 
serving soil moisture is readily understood when we remember that 
the moisture contained in the lower layers of the soil escapes at the 
surface of the soil by means of small holes or tubes formed by opea- 
ings between the particles; in the process of plowing these openings 
or tubes are broken and the escape of the moisture from below, if not 
prevented altogether, is considerably retarded until sufficient time 
has elapsed to form the connection again with the surface. There- 
fore, it makes a great difference in plowing whether the furrow is 
thrown in a solid mass or whether when the furrow is turned 
the soil breaks into fine particles so that the entire surface is really 
a mass of separate soil particles. In the first case, the soil remaining 
solid the connection between the surface and the lower layers of soil 
is readily made, while in the second the loose mass of soil particles 
prevents a ready connection, considerable time must elapse before 
the capillary tubes join the surface with the lower layers. Natu- 
rally, the moisture contained in the soil turned by the plow will be 
liable to escape more rapidly than before, because the freshly turned 
surface is immediately presented to those natural agencies, namely, 
air and warmth, which are potent in drawing out and carrying it 
away. Nevertheless, the great reservoirs lying underneath are proof 
against these forces, in proportion.as they are protected by the com- 
pleteness or incompleteness of the soil mulch made in the process 
of plowing. 
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In the next place, the moisture in the surface soil may be very 
largely retained if shortly after the plowing is done the cultivator 
and harrow are used to make still more fine the particles of earth 
thrown up by the plow, thus retaining in part that which would es- 
cape if the tillage were not practiced. Tillage, to conserve moisture, 
while confined to the cultivated crops, as corn and potatoes, does 
exert an influence also upon these crops, which by virtue of their 
character cannot be cultivated, as hay, wheat, etc., as well as upon 
the others, because previous tillage, viz: harrowing, plowing, etc., 
are operations which result in breaking up the particles of soil and 
thus making the surface soil itself a place where water will pene- 
trate more readily and freely, as well as enabling the roots to 
ramify freely in every direction, and giving them a larger surface 
area from which to draw their moisture in times of drouth or in 
frequent rains. It is apparent, therefore, that tillage exerts an 
influence in conserving the moisture, not only for the immediate 
crop, but for future crops as well, because improving the soil in 
such a way as to make it more absorptive and retentive of the water 
which falls a considerable time previous to the planting of the crop. 


The Object of Drainage. 


In the next place, drainage is an important operation in improving 
the absorptive and retentive power of soils for water. A common 
idea is that drainage by lowering the water-table is only intended 
to remove the moisture that is present in too great amounts and 
that it does not exert any influence in providing moisture for crops 
during a period of insufficient rainfall. This idea is in part errone- 
ous, for the very fact that the water-table is lowered enables a more 
rapid percolation of the water of the rains in every direction in the 
soil, than if the drains were not there, and as the water percolates 
and is absorbed more fully, the crops that follow have a larger area of 
moist surface to draw their water from than if the surface area of 
the soil through which the roots can penetrate was limited. Be- 
sides, the lowering of the water-table has a very importart in- 
fluence in improving the absorptive property of soils by virtue of 
the fact that it enables the penetration of the air to greater depths, 
which changes its physical and mechanical character, making heavy 
soils, particularly, more open and porous. 


The Advantages of a Mulch. 


Another method which is only practicable for small areas, is the 
use of a mulch, which may consist of any loose material spread over 
30—6—1902 


465 ANNUAL REPORT OF THE Off. Doc. 


the soil and which acts as a blanket to prevent the rapid escape 
of moisture into the atmosphere. The principles involved in this 
case are quite similar to those described in the case of tillage and 
plowing. The water is prevented from escaping because the mulch 
distributed upon the surface soil prevents the immediate contact 
with it of the hot, dry winds; these affect first and directly the 
mulch itself, which protects and cools the surface. The use of 
mulches for small areas is very helpful, and while not practicable 
on large areas it can be made of practical value in gardens and 
orchards and for special purposes. 

Growing crops are regarded as of use, also, in conserving mois- 
ture, though in a different way, particularly in the humid climates, 
since a soil well covered with a crop will absorb proportionately 
more of the rainfall than one lying bare, largely because it prevents 
surface drainage. Furthermore, the rapid escape of the water in 
the atmosphere is prevented because, as in the case of the other 
forms, the winds do not come in immediate contact with the soil, 
thus more of the moisture passes off through the crop rather than 
directly into the atmosphere. In the case of crop mulches grown 
as a catch for the primary purpose of covering the soil between 
the regular crops of the rotation there is a further advantage in 
that the vegetable matter accumulated by them is incorporated 
with the soil, which is materially improved because of the intro- 
duction into it of a substance which in itself, as already pointed 
out, has a higher absorptive power. This vegetable matter as it 
decays becomes what is known as “humis,” a substance which exer- 
cises a very important influence upon the productive power of the 
soil. 


Burning Straw a Wasteful Practice. 


In many sections of our country, particularly in those States 
which possess soils rich in fertility elements, it is the custom to 
burn straw and other refuse vegetable matter. This is a bad prac- 
tice, for even if it is not needed for improving the productive power 
of the soil in respect to other elements, if it is used as a mulch and 
incorporated with the soil it would assist very materially in retain- 
ing moisture for crops during the period of insufficient rainfall. If 
the straw is not needed for bedding and other purposes it should 
be distributed over the land, serving first as a mulch and then incor- 
porated with the soil, thus improving its absorptive and retentive 
power. : Ui co ae 


The Effect of the Rolling. ° 


Rolling the soil is another means by which moisture may be 
conserved, though the results of the use of this tool should be 
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understood. Its best use is in the preparation of the soil for seed- 
ing by mashing lumps and clods, in solidifying it and making it fine 
and friable. If used after seeding, it compacts the soil and leaves 
the surface smooth, thus providing the very best conditions for the 
rapid movement of air over the surface and, therefore, causing the 
ready abstraction of the moisture from it. It should not be freely 
used on heavy clay soils that are often already sufficiently finely 
divided and which are liable to become too much compacted, even 
under natural conditions, but rather upon open soils, those that are 
of a loose nature, as sandy and gravelly, in order that the particles 
may be pressed closer together, and thus to prevent the rapid es- 
cape of the water. Nevertheless, in dry seasons the roller is use- 
ful at time of seeding, because the compacted surface and the 
greater evaporation therefrom cause a rapid drawing up of the 
water from the lower layers to the surface of the soil, enabling a 
quicker germination and a more rapid early growth. In other 
words, the rolling tends to draw the moisture from the lower layers 
to the surface layer, and its use can be recommended after seeding 
under the conditions named. The roller should be used during the 
preparation of the soil, and if used after seeding the surface should 
be again stirred by a harrow, which makes a light soil mulch, or 
after it has performed its function in making fine and friable the 
seed-bed. 

In order to guide the farmer in respect to the application of the 
general principles here laid down, the following general suggestions 
are made. 


When to Plow. 


It has already been pointed out that plowing aids in the conser- 
vation of soil moisture. The question that naturally arises first, 
is what time shall plowing be performed in order to obtain the best 
results. It is obvious that for certain crops, as winter wheat or 
fall seeding of any sort plowing must be done in summer or early 
autumn, unless the land is fallowed, whereas for spring planted 
crops, as Indian corn, spring wheat, oats, barley and a number of 
others, it does not necessarily follow that plowing shall be done in 
the spring; fall plowing for these presents many advantages, though 
there are also disadvantages, and these must be carefully weighed 
before the practice is adopted. For example, the ideal condition 
of soil during winter is to have it occupied by a growing crop, be- 
cause in this condition it readily absorbs and holds the moisture 
and prevents, in large measure, losses that occur through drainage 
from it of the soluble plant-food constituents, still the effect of 
freezing and thawing, and of oxidation, which take place when land 
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is plowed in the fall, oftentimes results in a greater increase in imme- 
diate fertility than is accomplished by allowing the soil to remain 
in sod during the winter. 


Soils Suffer Loss of Water When Bare. 


In the case of Jands that are not plowed in the fall, but which 
are allowed to lie bare during the fall and winter, they become hard 
and compact, particularly clay soils, and the rainfall is not absorbed 
but is lost, because of the rapid surface drainage. Hence, on ac- 
count of the loss in the drains and streams, the season’s rainfall, 
which with care might furnish sufficient moisture for a maximum 
production, is deficient and the crops suffer. 

Fall plowing, by opening up and making more porous the surface 
soil, permits the ready penetration of water into it, as well as its 
percolation into the lower layers or subsoil, where it is held for 
the summer crop. In fall plowing no attempt should be made to 
thoroughly fine the surface, or to make it smooth, for this will en- 
courage the soil to run together, or compact, particularly those of 
a clayey nature. Of course, this fall plowing applies more particu- 
larly to soils of a heavy character, or those which are compact or 
stubborn, rather than soils of good physical character. Fall plow- 
ing on sandy soils would not be of any particular advantage, as 
they do not compact, and rains penetrate readily during any season 
when land is not frozen. 

If fall plowing cannot be accomplished, then the plowing should 
be done in early spring, in order that the capillary connection be- 
tween the disturbed surface soil and the lower layers may be estab- 
lished before the spring rains cease, this, followed by deep culti- 
vation and thorough pulverization of the surface previous to plant- 
ing contribute materially to the conservation of moisture. 

Deep plowing also contributes to the absorptive power of soils, 
and conservation of moisture, because providing for a much larger 
area of soil for the penetration of the roots, and if practiced in the 
fall, the best time to increase the depth, the inert material thrown 
up weathers during the winter, and the resulting chemical changes 
also improve the physical character, as well as increasing the active 
fertility of the soil. If the plowing is left until the late spring, then 
deep plowing is not so advantageous for many crops, as shallow 
plowing, for if there is sufficient rainfall in the early season the 
surface soil is soon dried and the roots of the young plants have not 
had time to penetrate deeply enough to take advantage of the 
reservoir of moisture lying underneath, whereas, if the plowing is 
shallow the roots soon reach through into the solid bed below, 
which contains the moisture, and the plant is enabled to resist more 
effectually any drouth which may follow. 
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Cultivation After Planting. 


In order to retain the moisture after the crop has been planted, 
cultivation should be deep, early, and gradually lessened as the sea- 
son advances, in order that in the early season the rainfall may 
penetrate to the lower layers, and in the later season the mulch 
provided by the cultivation may not be so deep as to enable the 
complete drying of the surface soil. The advantages of continuous 
cultivation are also marked, inasmuch as every time the soil is 
stirred the connection between the lower layers and the surface 
is broken and the water below must seek new outlets for escape; 
and until these are obtained the water is retained for the use of the 
plant. 

The method of cultivation also should be observed. On soils 
naturally well drained, cultivation in ridges contributes to the 
loss rather than the conservation of moisture, as the ridges lying 
So much above the main surface of the soil dries out more 
rapidly than if level cultivation is practiced. Naturally, in wet 
climates it is frequently advantageous to ridge the soil, in order 
to provide for the rapid drainage of the water, but in soils where 
the need is for water rather than for lack of water, ridge culture 
is not advantageous. 

Frequent tillage, or continuous cultivation, also tends to increase 
fertility, by causing a more rapid change of the insoluble constit- 
uents into soluble forms. The constant stirring of the soil brings 
new particles into contact with sun and air. In soils rich in dor- 
maant or locked-up food, this method of improvement, which results in 
increasing their direct fertility is strongly commended, since it can be 
accomplished without any outlay of cash and by the regular labor of 
the farm. 


Further Methods of Improvement. 


Soils may be further improved, namely, in two directions, first, 
by saving in the soil for the use of the plants those constituents 
which by improvident and irrational methods of practice are likely 
to be lost; and second, by adding to the soil such amendments as 
may increase the activity of the constituents already there, or which 
may contain such substances as are essential for the growth of 
plants. 


Losses Due to Methods of Practice. 


One of the means whereby soils may become impoverished, or 
at least be reduced in productivity, is through the losses that occur 
from improvident methods. For example, it has been demonstrated 
that plants obtain their food in a soluble form, and unless it is 
taken up when it has become soluble there is danger of its being 
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carried away in the rains that pass through it. A saving, there- 
fore, may be effected by keeping the land constantly occupied with 
growing crops, in order that food which is made available may be 
absorbed by the roots of plants and converted into organic forms 
which by their decay render it serviceable to other crops. The 
methods of practice quite common in the East require that the 
land lie bare at certain seasons of the year and some times for long 
periods, during which severe losses of plant food may occur, the 
chief element of which is the expensive constituent, nitrogen. 

Experiments conducted by Sir John B. Lawes, at Rothamsted, 
England, showed that land in good condition, left bare from early 
fall until spring, would lose an equivalent of 37 pounds of nitrogen 
per acre. It was also shown that this could have been held and 
appropriated by crops. This loss of nitrogen may not seem a 
great matter at first glance, but a study of the losses in relation to 
crop production shows that it is really very serious. In the first 
place, this loss of nitrogen, which is possible and probable on good 
soils left bare, is more than equivalent to the amount contained in 
the average yield of wheat, rye, oats, corn or buckwheat; besides 
the nitrogen which is carried away by the drainage water, is in 
the very best form for feeding the plant, or it would not have 
been lost, and thus its absence leaves the soil not only poorer in 
this constituent element, but poorer in the sense that the remainder 
of it in the soil is in a less useful form. While the amount and 
time of rainfall cannot be controlled, its effect upon the soils in 
causing loss may be largely governed if proper attention is given 
to the matter of growing catch crops, in order that the land may 
be constantly occupied. 

Another source of natural loss of nitrogen, is its escape as gas 
into the atmosphere, due to the oxidation of vegetable matter, 
which takes place very rapidly when soils rich in this substance are 
improperly managed. In the system of continuous cropping which 
is observed in certain sections of our country, the annual losses of 
nitrogen are much greater than the amounts carried off in crops, 
and while continuous cropping is not so generally practiced in the 
East the losses that occur, because of improper methods of rotation, 
which leave the land bare for any length of time, are very consid- 
erable. Indirect losses may oecur, too, because the conditions are 
made unfavorable for the activities that are present in the soil. 
Take, for example, the rotation which allows the Jand to remain 
bare from the early part of July until September, when the rota- 
tion of corn, oats, wheat and grass is practiced. After the oat crop 
is removed in July the land is frequently allowed to lie uncovered, 
particularly in dry seasons, for a month or six weeks, during which 
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time the weather is often very dry, usually very hot; the tempera- 
ture of the soil is raised to the point which reduces the activity, 
if not destroying altogether the soil organisms, and because of the 
absence of these the changes that take place later are very ma- 
terially reduced. Rotations should be adopted which will permit 
the continuous covering of the soil by regular crops, or such catch 
crops as will keep the land covered between the seeding of the 
different ones in the rotation. A discussion of the crops adapted 
for this purpose will be found in subsequent pages. 

There are also losses of mineral elements, which may be prevented 
by keeping the ground covered by the growing crops. For example, 
lands that lie bare during the late fall, winter and spring are liable 
to be washed and gulleyed, and the finer particles on the surface 
carried either away from the land or to such points as to make it 
impossible to utilize them in the growth of crops. This loss may 
be avoided if the above suggestions are followed. 


Improvement Due to Soil Amendments. 


Another method of improvement, which is partly chemical and 
partly physical in its character, is the addition of lime. This can 
hardly be regarded as a natural method of improvement, because 
additions have been made to the soil of substances not before pres- 
ent; still it differs from the addition of manures or fertilizers, which 
contain the essential fertility constituents, nitrogen, phosphoric 
acid and potash, as the improvement is due, not so much to the 
direct action of the substances added as to their effect upon the sub- 
stances already in the soil. That is, the function of the lime is 
to increase the active fertility of the soil by action upon the sub- 
stances there, and thus causing a greater absorption by the plant 
of the nitrogen, phosphoric acid and potash already in the soil, and 
without adding thereto that which was not there before. The three 
main ways that lime may improve soils are: First, by attacking the 
vegetable matter, thus assisting in the change of the combined 
nitrogen into active, and by the reaction of the lime with certain 
phosphate and potash compounds, rendering them available to 
plants. This function of lime, however, is only largely valuable on 
soils already rich in vegetable matter and mineral constituents. 

The second function of lime 7s to change the physical character 
of the soil; for example, on heavy clay soil, whose particles are finely 
divided, and whose texture is so dense and compact as to prevent 
the easy penetration and movement of water, the lime helps to coagu- 
late the fine particles of the soil, thus making it more open and 
porous, and permitting the penetration and free circulation of air 
and water. While upon the sandy soils, which are too loose and 
open and texture, and which permits a too free movement of water, 
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the effect of the lime is to cement the particles together and make 
the soil more compact, which increases its absorptive properties 
and a consequently greater retention in and utilization of the food 
in the soil by the plant. 

The third function of lime, 2s to neutralize any acid that may be 
present in the soil, and which not only injuriously affects the growth 
of certain kinds of plants, but which is destructive to the life and 
growth of many of the lower organisms. Naturally this function 
of lime will be exerted whenever the lime is used for the other 
purposes mentioned, still there are cases where it would be desira- 
ble to use it only for this purpose, in which case the application 
may be much less. The advantage of lime in the growth of legumi- 
nous crops, for example, is not altogether because of the fact that 
this class of plants requires an abundance of lime, but because the 
lime exercises a favorable influence upon the physical character of 
a soil, besides making it neutral, and thus a better medium for the 
growth and development of the soil organisms, which have the 
power of gathering nitrogen from the air and which cannot thrive 
without air or in an acid medium. 


The Importance of Vegetable Matter. 


The lines of practice which have been suggested, in order both 
to prevent losses from soils and to improve their physical character, 
namely, the continuous cropping system, which holds fast to the 
available food in the soil, liable to be lost when the land is uncropped, 
and the addition of amendments which assist in making the neces- 
sary changes, also includes the further advantage of adding to the 
soil that which it did not before possess, viz: vegetable matter, 
or humus-forming material, which also improves the soil, not only 
in its absorptive properties for both moisture and plant food, but 
which contributes to the store of active essential constituents. The 
various crops that may be used to attain the first mentioned pur- 
pose, however, do not possess an equal value in this respect, and 
unless the principles which govern and the conditions under which 
they are grown, as well as the influence of the crops grown upon 
future productivity are well known the results obtained may not 
be always satisfactory. 


Kind of Crops to Grow. 


In the first place, the crops that may be used are divided into two 
distinct groups, in one group are included those plants which can 
obtain the necessary nitrogen for their growth only from soil sources 
and called “nitrogen consumers,” and, therefore, when plowed down 
do not add to the soil any essential constituent element and are only 
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serviceable in improving the physical character and absorptive prop- 
erties of soils. The members of this group include the cereal grains, 
the grasses, buckwheat, turnips, rape, etc., yet, because of their 
time of growth and period of rapid development, it is often desira- 
ble to grow crops of this class, particularly where the primary pur- 
pose is to prevent losses of plant food rather than to rapidly build 
up the soil in nitrogenous organic substances. 

The second group of crops includes those plants which belong 
to the legume or clover family, and which do not depend solely 
upon soil sources for their nitrogen, but can obtain it from the air, 
these in their growth and removal from the soil need not materially 
reduce the content of soil nitrogen, but rather particularly when 
plowed down directly add to the crop-producing capacity of soils 
by improving their physical character and by increasing their store 
of nitrogen. In order that a plant of this group may obtain its 
nitrogen from the air, however, the soil must contain originally, or 
must be inoculated with a specific organism, the presence of which 
in the soil is manifested by the growth of nodules upon their roots 
and through which it is believed the plants obtain their nitrogen, 
though the exact process is not yet fully understood. 


Advantage of Legumes. 


The use of this class of plants, therefore, possesses a: three-fold 
value in the improvement of soils, first, in absorbing and retaining 
the soluble food in the soil; second, in providing vegetable matter, 
or humus-forming material, which contributes to the physical im- 
provement of soils; and third, by adding to the store of nitrogen in 
the soil, the element most likely to be deficient, and which can be 
used by plants whose sole source of nitrogen is the soil. Fortu- 
nately, because of the number of plants belonging to this group, 
and because of their wide range of adaptation to the various con- 
ditions, it is possible to introduce one or more of them into the 
regular system of farm practice, without interfering with useful 
and profitable rotations. Many of them, for example, the various 
clovers, red, crimson and alsike, are already grown extensively, and 
their value in the rotation well understood by practical men. There 
are many others, however, whose characteristics have not been 
carefully studied until recent years, and whose usefulness are just 
beginning to be appreciated. Among these are the Canada field 
pea, the soy bean, the cow pea and the various varieties of vetch, 
all possessing that valuable power of appropriating for their use 
the free nitrogen of the air, and thus contributing directly to the 
potential fertility of the soil. The plants of this group are often 
called, and properly, “nitrogen gathering” crops, and their renovat- 
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ing and improving character are seldom over-estimated. ~A_ brief 
discussion of the various plants suitable as renovating crops, to- 
gether with their characteristics and relative advantages must 
naturally precede specific directions as to their use. 


Catch Crops, “Nitrogen Consumers.” 


The crop more generally used, primarily, to prevent losses during 
late fall and winter, is rye. The advantages of this crop for this 
purpose are that it may be seeded late in the year, after other crops 
have been harvested, grows rapidly, withstands the winter well, 
is a good forager, makes a rapid early growth, which may be plowed 
down for early crops as corn, potatoes, tomatoes, etc. Furthermore, 
the cost of seeding is small, and farmers are familiar with the hand- 
ling of the crop. Its chief value, however, lies in its hardiness, with- 
standing well severe weather, and its habit of late fall and early 
spring growth, which holds the soil and prevents washing and me- 
chanical losses; it readily absorbs the available food present in the 
soil, and even when plowed down early contributes in some degree 
to the humus-forming substances in the soil, and thus improves its 
absorptive properties. 

Wheat possesses the characteristics which have been mentioned 
for rye, though not in the same degree. ‘The seed usually costs 
more, and satisfactory growth requires a better preparation and 
fertilization of soil than for rye; besides, the plant is not so hardy 
and starts later in the spring. It is, therefore, as a rule, less satis- 
factory for the purpose than rye. 

Buckwheat is another plant of this order, which has been used 
very largely as a soil improver, particularly in the breaking up of 
new lands, and for this purpose is a useful plant. Its season of 
growth is during the summer months of July and August, when 
conditions are usually favorable for the progress of those activities 
which cause changes in the soil substances, hence is able to make 
a relatively large growth on medium poor land; when grown as a 
renovating crop it improves the physical character of soils by keep- 
ing the soil covered during the hot season and by adding vegetahle 
matter. 

Certain varieties of the mustard plant are extensively used as 
a summer catch or fallow crop in other countries, particularly Ger- 
many; the plant grows rapidly and is able to subsist on rather poor 
soils, thus accumulating in the surface soil materials more readily 
appropriated by other plants. It, however, does not present any 
peculiar advantages for American conditions not possessed by the 
more familiar crops grown here. 
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The turnip also possesses characteristics of value, owing to its 
rapid appropriation of food in cool weather and consequent large 
growth during the late fall. These varieties which root deeply are 
preferable, because they gather a portion of their food from lower 
layers of soil and store it in their enlarged bulbous roots, near the 
surface; besides this peculiarity, the growth of the crop is an impor- 
tant factor, as it exerts a favorable influence upon the physical char- 
acter of the soil. It causes a separation of the soil particles and 
permits a freer access of air. The disadvantages of the crop is that 
it dies at the beginning of winter. Still, if a considerable crop is 
grown, the mulch, consisting of roots and leaves, will hold the soil 
together, besides preventing as rapid a leaching as if the soil were 
entirely exposed. 

Dwarf Essex rape is another plant that may be grown as a cover 
in the late fall and to serve as a mulch during the winter, and for 
these objects serves an admirable purpose, though possessing the 
disadvantages mentioned for the turnip. 

All of the crops here mentioned may be made virtually catch 
crops and thus not interfering with a regular rotation, and even if 
pastured or completely removed they leave the soil in a better con- 
dition than if no crop had been grown; the soil is improved, because 
its functions have been exercised and at a minimum expense. 


Catch Crops, “Nitrogen Gatherers.” 


Of the “nitrogen gatherers,” the clovers as a class are perhaps 
the best known, though it is believed that a brief description of the 
characteristics of the various useful plants belonging to this group 
will be helpful. 


Red Clover. 


The renovating character of a crop of red clover is well known, 
and even when only the stubble and roots are the source of the 
additions made to the soil, the improvement which follows is very 
marked. Farmers know that corn or wheat seeded on a clover sod 
will do much better than when seeded on raw ground or on sod from 
grasses. It is ordinarily a biennial though sometimes the life will 
continue through three seasons. Its characteristics are such as 
to make it adapted to a wide range of soils and of climatic condi- 
tions, though it thrives best on good soils, well supplied with humus. 
It is liable to be uprooted on wet soils by the alternate freezing 
and thawing in spring, and to be destroyed by hot weather on light 
sandy soils. The amount of seed to be used when the purpose is 
to secure the largest crop of clover is about 12 to 16 pounds per 
acre, depending on the character of the soil, the better the soil the 
less the amount of seed required. 
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The ameliorating influence of this crop upon soils is due primarily 
to two causes, first, to the extensive root system, which is distrib- 
uted widely throughout the soil, and to great depths in it, thus 
changing to some extent its physical character, as well as the stor- 
ing up of food in a large tap-root near the surface of the soil, in 
organic forms, which readily decay; and second, because the plant 
is a “nitrogen gatherer,” the crops of clover removed do not exhaust 
the soil of nitrogen, but rather add to its store, hence the succeeding 
crops have at their disposal a larger amount of this element than 
if they were preceded by the grasses or cereals, which are “nitrogen 
consumers.” The wider and more frequent use of red clover can 
be commended from all standpoints, where the increase in and the 
maintenance of natural fertility are important, and in general farm- 
ing these points are always important. 

Mammoth clover is a near relative of the red variety and resem- 
bles it closely. It is a coarser plant and a greater forager; where 
clover is grown solely for use as a green manure the Mammoth may 
often be substituted with advantage for the red. It is also better 
adapted for wet lands than the red. The amount of seed used may 
be the same as for red clover. 


Alsike Clover. 


Alsike clover is believed to be a cross between the red and white 
clovers. It has a semi-creeping habit like the white variety and 
only does well when seeded with a variety making a more upright 
growth, as the red or Mammoth. The mixture is desirable, since 
the alsike is better adapted for cold, moist soils and is also hardier 
than the others, withstanding winters that kill the red and Mam- 
moth varieties. A good practice in growing -these varieties of 
clover with the cereals is to sow early in spring on the wheat or rye, 
seeded in the fall, and at which time timothy has been seeded, at 
the rate of 8 to 10 pounds per acre; the usual mixture of alsike and 
red is two pounds of the former to eight of the latter, using about 
eight pounds per acre. The seed of the alsike is so much smaller 
than the red that seeding in these proportions results in a very 
even mixture of the clovers. The seeding’ may, however, be made 
with advantage during the summer and early fall, without cove” 
crop, either for turning under in spring as green manure or for ".ay 
or pasture. Such seeding should be made on soil well pr-pared 
and the seed lightly covered. 


Crimson Clover. 


Crimson clover is an annual, and because of its useful character- 
istics has made a place for itself in American agricultural practice. 


CRIMSON CLOVER. 


wes, 
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Its habits of growth are not so well known as those of the other 
varieties described and for this reason, among others, is not so gen- 
erally distributed even in those sections where it thrives well. Its 
habits are such as to make it undesirable to substitute it for the 
red, though it may well supplement it, and thus add another useful 
clover crop to our list. It is essentially a cool weather plant, thriv- 
ing well in late fall and eary spring, and maturing seed in the 
middle States about June ist. These characteristics of growth make 
it especially suitable for a catch crop, which may be used without 
interfering with regular rotations. It has proved hardy in the 
eastern and middle States, though many failures are reported, which 
are probably due in large part to the failure to observe in its seeding 
the peculiar habits and characteristics of the plant. The impression 
that because it is a catch crop it will grow well on poor soils with 
other crops, under all conditions of season and climate and without 
particular care in seeding, is erroneous. Like other plants, crimson 
clover must have food—it is affected by drouth and cold and severe 
weather; it cannot subsist with other crops, which rob it of moisture 
and plant food, and it must be carefully seeded, in order to insure 
against adverse conditions, though when conditions are favorable 
it will catch and grow from a simple sowing of the seed on raw 
ground. It should preferably be seeded at the rate of 12 to 15 
pounds per acre, on a well prepared seed-bed and covered lightly 
with harrow or weeder. It is not suited for spring seeding, as it 
ceases to grow as soon as hot weather comes, the best period for 
seeding ranges in the eastern and middle States from July 15th to 
September 1st; it may, therefore, be used as a catch crop, seeded in 
corn, berry patches, orchards, etc., after the regular cultivation has 
ceased for the season and after early potatoes, tomatoes and other 
crops harvested early enough in the season to enable its roots to get 
a hold of the soil and to make considerable top before cold weather 
sets in. While it requires a good soil for its best development it is 
well adapted for light sandy soils if well supplied with mineral 
food. It will grow later in the fall than red clover, because not 
injured by frost, and also make a more rapid spring growth than 
any of the other clovers seeded in the late summer. Where the 
land is light and poor, a dressing of acid phosphate, say at the rate 
of 150 pounds per acre, will materially aid in securing a catch and 
insuring a crop. Its early maturity is one of its most valuable 
characteristics from the standpoint of its use as green manure, 
making it possible when seeded in corn, for example, to secure a 
considerable green manure crop, in time to plow down for another 
corn crop. When the plants are largely destroyed because of se- 
vere winters, the accumulated nitrogen and organic matter in the 
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fall is sufficient to amply repay the cost of seed and seeding. Stud- 
ies made at the New Jersey Experiment Station show that a good 
thick crop, six inches high, will contain nitrogen and organic matter 
equivalent to that contained in five tons of yard manure; that the 
nitrogen is quite as useful for the corn plant as that contained in 
the manure, besides it is evenly distributed and there is no labor 
involved in its application. Another advantage of the crimson 
clover is that it is a spring green manure crop, thus permitting a 
return from it in the same season in which it is used. It will pay 
farmers to carefully study the habits of this plant and then to 
introduce it in their rotations as a soil renovator. If failures occur 
the cause should be learned and a remedy sought; discouragement 
should not follow one or two failures; remember that red clover 
sometimes fails. It has succeeded in many instances when red clover 
has failed. 


Other Varieties of Clover Sometimes Used. 


There are various other varieties of clover which possess useful 
characteristics, though with the possible exception of sweet clover, 
which is sometimes used in the south, they do not possess advant- 
ages superior to those varieties already mentioned. The sweet clo- 
ver (Melilotus Alba), is a rank growing plant and is quite common 
as a weed along roadsides and in waste places. It is seldom culti- 
vated, either for forage or green manure, though it seems to have 
the power of acquiring food from sources inaccessible to other plants 
of the same family. It thrives particularly well on soils rich in lime. 
Experiments with it in Alabama, Mississippi and Ohio show that 
it in common with other legumes aids in soil improvement. Its 
use is recommended only where other varieties do not meet the 
requirements. 


Alfalfa. 


Alfalfa belongs to the clover family and while one of the most 
valuable of this class of plants, from the forage standpoint, is not 
adapted for use as a green manure, because of the difficulty of 
securing a stand, and because of its comparatively slow early growth. 
It is a perennial, which does not reach its maximum annual growth 
until the second or third year after seeding. 


The Field Pea. 


The field pea, the variety that is used for forage, for cover crop or 
for green manuring, is usually known as the Canada field pea, though 
the name includes a number of varieties, as the Golden Vine, Prus- 
sian Blue, Green Field, Mummy, etc., any one of which is satisfac: 
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tory for the different purposes. This field pea does not differ in 
appearance nor characteristics from the ordinary garden pea. It 
thrives well in the more northern States, only in the cool moist 
weather of early spring and late fall, and for this reason is not 
adapted to sections south of the middle States, and its use as a cover 
crop, or for green manure is limited for this reason, as well as to 
the fact that it does not grow well except on good soils. Still, there 
are occasions when its use will meet conditions not provided for so 
well by other plants. For example, it may be seeded in September, 
or even early October, periods too late for the seeding of other 
legumes, and because of its rapid growth makes a crop before freez- 
ing weather; the crop serving as a mulch during the winter, pre- 
venting the wasting of sandy soils due to high winds, and the accum- 
ulated nitrogen and organic matter provide readily available plant 
food for spring sown crops. It has proved of great advantage in 
many lines of farming, where the crops are not removed early enough 
to permit the seeding of crimson clover, or other leguminous crop. 
It should be seeded at the earliest possible time in spring, and in 
fall, not earlier than September Ist, at the rate of one-half to two 
bushels per acre, and the seed well covered, preferably two to four 
inches. 
Cow Peas. 


The cow pea is probably neither a pea or a bean, as it differs 
widely from both, still it belongs to the same family, as do the clo- 
vers and field peas. Its origin is authoritatively stated to be the east, 
where it has been cultivated for thousands of years; it is believed 
to have been introduced into this country in the early part of the 
eighteenth century. Its best development is found in warm cli- 
mates, hence in this country it has found a congenial home in the 
southern States, where it reaches its maximum development. A 
large number of varieties have, however, been developed which are 
adapted to cooler conditions, so that now it is well distributed even 
throughout the north, where it is proving itself one of the best an- 
wuals, and its adaptation to various uses and the rapid and large de- 
velopment of plant, make it one of the most useful of the legumes 
for soil improvement. 

Varieties. 


The natural tendency of the plant toward variation has resulted 
in a large number of varieties, though the permanent and distinct 
ones are comparatively few; the same variety is given a different 
name in different parts of the country, as, for example, one variety 
goes under the name of Unknown, Wonderful and Quadroon. In 
addition to the confusion arising from this practice. The selection 
of a variety is still further complicated by giving the same name to 
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a number of varieties, as, for example, the name of Crowder is ap- 
plied to any variety in which the seeds are closely packed together or 
crowded. The further fact that the season and climate exert such an 
influence upon the plant as to make a variety in one place very dif- 
ferent in its character than in another, makes it difficult to give posi- 
tive advice as to the selection of varieties for specific purposes. The 
different varieties range in form from a bush a foot or so high, with- 
out runners, to those possessing vining or trailing habits, the vines 
reaching a length of from ten to twenty feet long, according to soil 
and season. The pods also range from four to eighteen inches in 
length, giving seed of every possible shape and form. The period of 
mature growth also varies, as do the habits of growth. The different 
varieties ranging in their time of maturity from two to six months, 
though the habit of growth does bear some relation as to the time 
required; the smaller the plant and the more nearly it approaches 
the bush form the shorter the time required for maturity, while 
the more rapid the growth and the larger and longer the vines the 
longer the time required. In order to select the proper variety 
for the various purposes, the object of its growth should be clearly 
understood. Where short, quick growth and maturity are required 
then, particularly in the north, the bush variety should be selected; 
whereas, if the purpose is for forage, and the period of growth can 
be extended, then the vining varieties are likely to be more useful. 

In cases where they are grown primarily for green manures, then 
the time during which they grow should determine the variety to 
select. It is more difficult to select varieties for the north than 
for the south, as the plant has not been so carefully studied in this 
section. Nevertheless, the Early Black, Whippoorwill, Wonderful 
and Clay varieties have proved excellent for the various purposes. 
The Early Black, where the seed crop is desired, as it grows and 
matures quickly, whereas the others are better adapted for forage 
and green manure, as the longer they grow the larger the crop of 
succulent forage in one case, and of total crop in the other, except 
in the case of green manures, when only two or three months can 
be given to the growth of the crop. 


Method and Time of Sowing. 


The time of seeding the cow pea will depend upon the character 
of the weather; they should not be seeded in spring until danger of 
frost is past and the soilis thoroughly warm. In cold, backward 
springs many failures have been recorded, because of too 
early seeding; the seed are liable to rot in cold weather, 
and if. germination takes place the plant is retarded in 
growth in cool weather and the crop is unsatisfactory even if 
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warm weather follows. This is of particular importance where they 
are seeded for forage or hay, as very often crops are failures because 
the seeding was so early as to cause the weather to injure the plant, 
and thus prevent its early growth. Neither should they be seeded 
later than two months before the average date of frost, as the 
first heavy frost will destroy the young plants and no variety that 
is now known will reach a satisfactory stage of growth for any pur- 
pose inside of this period. For forage and for green manure the 
crop may be sown broadcast at the rate of from one to one and one- 
half bushels per acre, or may be drilled in with an ordinary grain 
drill. If the seeding is not made too early, broadcast methods are 
very satisfactory. If, however, the early growth of the plant is 
retarded then weeds obtain a foothold and it is likely to be choked 
out. 

Where the object of growing the crop is for seed, then planting 
should be preferably in drills, from two to three feet apart, or a little 
closer than for corn, and the amount of seed may be reduced to 
three pecks per acre. Seed should be covered from one to two 
inches deep and on very light soils a little deeper. The season to 
some extent governs the depth at which seed should be planted—in 
a dry season the deeper the seed the better. The difficulty in late 
summer seeding is that crab-grass is liable to choke out the plants. 

There is perhaps no other crop that is so generally useful for 
soil improvement as the cow pea. In the first place it grows during 
the hot summer, when it is desirable to have the ground covered 
and its long tap-root penetrates into the subsoil, loosening it and 
making it more porous; and in the second place, the absorption and 
assimilation of the free nitrogen in the air by this crop, which is 
characteristic of all the legumes, makes it one of great service, 
even when the crop is used for forage and only the roots and stubble 
are left as additions to the soil. 

In using the cow pea it may be plowed under while green, or may 
be left on the surface as a mulch during the winter, and plowed 
under in the spring. It may be partially grazed and the stubble 
and roots plowed under, and in any case the improvement of the 
soil is very marked. Where the forage can be used to advantage 
and the object is to gradually improve the soil, then the better plan 
is to remove it either for use as green forage or for hay, as on good 
soils the stubble and roots left will furnish sufficient nitrogen to 
supply the early needs of a cereal crop. On light soils it is also de- 
sirable to remove part of the growth, as the turning under of a too 
heavy crop of cow peas would be likely to injure rather than to im- 
prove the physical character of the soil. The danger from plowing 
under heavy crops of green manure is not so marked in the north as 
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in the south, where the temperature range is high for a longer period. 
On heavy clay soils the improvement in plowing under heavy crops 
is very marked. 

Soy Bean. 

The soy bean has a strong central root, stiti stems, broad leaves 
and somewhat resembles the ordinary bean, though it is larger and 
bushier in form. The plants may be dwarf and early maturing, or 
late and tall, though in no case do they vine as do the vining and 
trailing varieties of cow peas. There are a number of varieties—the 
Green seems to be the variety most generally used and the crop 
from it varies according to the season and climate. This plant re- 
sembles the cow pea in many of its characteristics, namely, that it 
should not be seeded until the soil is warm, and where grown for 
forage it should be preferably planted in rows, in order that it may 
be cultivated. For green manuring purposes it may be seeded 
broadcast. The amount of seed per acre will vary from one to one 
and one-half busheis when broadcast, depending upon how well 
the seed are covered; when seeded in rows the amount of seed may 
be reduced to one-half bushel, or three pecks, per acre. The land 
should be put in good condition, in order that germination may be 
prompt. It does not possess, for green manure purposes, any charac- 
teristics different from those mentioned for cow peas. In fact, ex- 
perience thus far shows that the soy bean is slightly more difficult to 
handle, and the yields are not so heavy, though the plant contains 
more nitrogen in the dry matter than the cow pea. It has been 
grown for green manure purposes when there has been a scarcity 
of the seed of the cow pea, and many prefer it to the cow pea, be- 
cause it is easier to completely cover the plant in plowing, whereas 
a large crop of cow peas is particularly difficult to plow under. 
The decay of the plant will probably be quite as rapid as the cow 
pea, and hence serve quite as well as a source of nitrogen to the 
cereals. 


Velvet Bean. 


The velvet bean has attracted a great deal of attention lately in 
the southern States. It originated in the tropics, and has proved 
successful only in the southern States. In Florida it has been one 
of the most useful of the forage plants and is highly regarded as a 
green manure crop. It grows well on light, sandy soil and the 
yield is ordinarily about the same as for the cow pea. The season 
of growth is much longer, and for that reason the seed cannot be 
matured except in the south. The results of experiments conducted 
in the middle and eastern States show that it is not well adapted 
for these sections, and does not make as satisfactory a crop for any 
purpose as the cow pea. 
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Sand, or Winter Vetch. 


This vetch is an annual, and is a native of western Asia. It 
has been recently grown wih success in the middle, eastern and 
southern States. It is a trailing plant, thus making it difficult 
to harvest for forage, unless seeded with some small grain, as wheat, 
oats or rye, to serve asa support. It may be planted either in spring 
or fall, at the rate of about one and one-half to two bushels per acre. 
It grows much better upon light, poor soils than cow peas or soy 
beans, and for such conditions is much superior as a green manure 
crop. The cost of seed thus far has practically prohibited its use, 
except in cases where small areas are grown. 


Soil Inoculation. 


The superior advantages of the leguminous crops as green ma- 
nures, are due in large part to the fact, as already pointed out, 
that they are capable of obtaining their nitrogen in part, at least, 
from the air, a source inaccessible to the other class of plants. It 
must be remembered, however, that in order that this function may 
be exercised it is necessary that there shall be present in the soil 
certain organisms which attach themselves to the roots of the 
plants; their presence in the soil is indicated by the formation of 
tubercles or nodules on the roots, which range from a pin-head to 
a pea in size. Where these nodules are not present on the roots it 
is an indication that the proper organisms are not present and that 
the legumes, in common with other plants, must derive their nitro- 
gen from the soil, and thus from the standpoint of accumulation 
of nitrogen they are, under these conditions, no more useful than 
the cereal crops. 


Methods of Inoculation. 


In view of these facts it becomes necessary in order to obtain 
the full benefit from the growth of the leguminous crops, to see to 
it that the proper organisms are present in the soil. This may be 
readily accomplished by inoculation, or introducing the specific or- 
ganism into the soil. That is, soils in which these ofganisms are 
not present may be supplied with them by using a portion of the 
soil where they are present to introduce them. Experiments that 
have been conducted show that a small quantity only is necessary 
to accomplish the purpose, for example, a peck or one-half bushel 
of soil taken from different parts of a field which contains the 
organisms will, if sown broadcast over an acre which does not con- 
tain them, introduce the organisms, which multiply and dis- 
tribute rapidly, and be prepared to do their work for the crop. Once 
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the organisms are present in the soil there is but little danger 
that they will be destroyed under good conditions of practice, and 
if the crops that are grown upon the area which has been inoculated 
are used as food for farm stock and the manure used elsewhere 
upon the farm the chances are that the organisms will be generally 
distributed, so that the work of inoculation is not a serious matter. 

It very often happens that in the growing of such crops as cow 
peas and soy beans the first crop grown will not show the tubercles 
on the roots, but that the second one grown will be well supplied 
with them, indicating that the organisms are very often introduced 
into the soil by means of the seed, and seedsmen in some cases now 
make it a practice in harvesting their crops of soy beans and cow 
peas to pull them instead of cutting them, thus in threshing, ming- 
ling more or less of the soil which contains the proper organisms 
with the seed and which when removed leave the seed well inocu- 
lated. 


The Amount of Nitrogen Gathered. 


It does not follow, however, that even when these organisms are 
not present in the soil that all of the nitrogen contained in the crop 
of the legume grown has been gathered from the air, as it has been 
shown that the plants would preferably take soil nitrogen, and, 
therefore, that on good soils, well supplied with nitrogen, the propor- 
tionate amount of nitrogen drawn from the air will be much less 
than that will be the case when the crop is grown on soils poor in 
nitrogen. The exact amount of nitrogen gathered by a crop can- 
not, therefore, be exactly determined, though it is believed to de- 
pend upon the character of the soil, whether rich or poor in available 
nitrogen, hence the usefulness of the legumes as a means of acquir- 
ing nitrogen is greater when grown upon soils poor in this sub- 
stance; these soils are, however, more greatly benefited by the 
accumulation than those previously rich in the element nitrogen. 


The Importance of an Abundance of the Mineral Elements. 


It has also been pretty clearly demonstrated that the proportion 
of nitrogen gathered by the plant from the air, particularly upon 
poor soils will depend upon the supply in the soil of the other neces- 
sary plant food ingredients. That is, soils poor in nitrogen and 
oftentimes poor in physical character if not well supplied with the 
minerals, phosphoric acid and potash, will not produce a large crop 
of cow peas or soy beans, or any other leguminous plant, because its 
grows and development depends upon the ease with which it may 
acquire the necessary amounts of the other elements of nutrition. 
Hence, in attempts to build up poor soils by means of green manure 
crops it is quite as necessary to fertilize with the minerals, in order 
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to insure maximum growth, as it would be in order to grow any 
other crop, the purpose of which is the crop itself, rather than for 
its effect in soil improvement. This is entirely reasonable, as the 
mineral constituents cannot be attained from any other source than 
the soil, and they ave quite as essential in the complete growth and 
development of a crop as is the nitrogen. 

The point is, that green manuring does not result in building up 
and making better a soil that is naturally poor in the mineral con- 
stituents. It can only contribute the nitrogen, and that in itself 
is not a complete food, it is only one of the essential, though very 
important elements. On heavier soils, overlying strong subsoils, 
as, for example, clay loams, and which are usually rich in dormant 
mineral constituents, the practice of growing the legumes may re- 
sult in building up the soil, both in available nitrogen and in availa- 
ble minerals, as these plants have the power of acquiring the min- 
erals from such soils more readily than certain other classes of 
plants, and thus by their growth there is an accumulation of nitro- 
gen, as well as an accumulation of the mineral elements in a more 
available state, and the soil is improved in all directions without 
the direct addition of any fertilizing substance. The roots running 
deeply in the soil and subsoil gather the mineral food and store 
it in their larger roots near the surface, where it is not only avail- 
able from the standpoint of other plants reaching it, but available 
from the standpoint of its being more readily acquired by them. 
Such soils may be improved and kept in a high state of fertility 
by the frequent growth of a renovating crop, whereas, on light soils 
which are poor in all constituents, the improvement will be in pro- 
portion to the amount of minerals supplied, as they will measure 
in a degree, at least, the rate of appropriation of the nitrogen. 
These considerations are practically true for all of the plants in 
the group of legumes that has been considered, though the different 
plants may apparently differ materially in their rapidity or degree 
of growth, even on the same soil and without the addition of other 
materials. The fact remains, however, that genuine improvement 
of poor soils cannot be expected from the growth and use of green 
manure crops alone. 


The Plowing in of Green Manures. 


Another point that should be clearly understood in the matter 
of soil improvement by means of ‘green manures is the time for plow- 
ing down the crop. In the first place, the character of soil exerts 
an influence on this point. Asa broad, general rule, there is danger 
of injury to light soils in plowing down a heavy burden of green 
material, particularly in warm weather, whereas upon heavy soils 
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the danger is very much less, and in fact ordinarily quite remote. 
Hence, in the discussion of the subject the influence of the season 
of growth of the plants is worthy of consideration. If the crop 
which is intended for green manure matures rather early in spring, 
then the time of plowing under must be governed by the purpose 
of the growth of the crop which follows, as its development will 
be materially influenced by the operation. Take, for example, rye, 
representing the class of “nitrogen consumers.” This crop makes 
a rapid, early development, and if allowed to entirely mature it 
not only draws heavily upon the available food constituents of the 
surface soil, but rapidly and often completely exhausts it of mois- 
ture. Hence, if plowed down in its mature state it will result in 
leaving a mass of vegetable matter not readily decayed between the 
surface and the subsoil, thus cutting off absolutely the connection 
between the surface and the reservoir of water lying below. 
Should, therefore, dry weather follow, the decay will be very slow 
and the succeeding crop will have only the food and the moisture 
that are contained in the surface soil turned over, and from this 
the available food and the moisture have been largely extracted 
by the maturing of the large crop of rye. 


Spring Green Manure Crops. 


Hence, it is readily seen that the time of plowing down the green 
crop is a matter of the very greatest importance. Rye is an ex- 
cellent green manure, if properly used. It should, therefore, be 
plowed down not later than when just coming into head, when the 
vegetable matter is immature, which readily breaks down and 
decays, and when the smaller growth of the plant has made but 
little demand upon the soil for moisture. Furthermore, in this 
early stage of growth the vegetable matter does not make so bulky 
a mass between the surface and subsoil, and thus the capillary con- 
nections between the upper and lower layers are readily made, 
and hence not preventing the next crop from securing its needed 
moisture. 

The principles involved here are practically the same for crops 
of a leguminous character. For example, crimson clover, which 
has been seeded in corn, or that has been seeded in orchards for 
the purpose of accumulating nitrogen, also prevents mechanical 
losses and contributes to the improvement of the physical character 
of the soil. Still, the time of plowing down the crop is of the very 
greatest importance, not only in its influence upon the character of 
the soil itself, but upon the growth of the subsequent crop. Should 
the crop mature, and the weather conditions be entirely favorable, 
and there is sufficient moisture and warmth, then no danger may be 
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apprehended in allowing it to mature, but if the primary purpose is 
not to secure the full benefit of the clover crop, but rather to ensure 
the growth of the succeeding crop, whether it be corn or peaches, 
pears, plums, etc., then the use of the crop, its time of plowing down, 
should be made when it will not interfere with the primary pur- 
pose in its growth. 


Fall Green Manure Crops. 


In the case of crops that are grown during the summer the con- 
siderations in reference to soil still hold true, and even in a greater 
degree, since crops plowed down during the summer are more liable 
to rapid fermentation than those plowed down in the spring. Trou- 
ble from soil acidity may result from plowing down in the late 
summer or fall crops grown in the summer, still, the results of 
such practice will depend considerably upon the time that they 
are turned down and the character of the weather which fol- 
lows. Cow peas, for example, that have been seeded in July and 
have grown through August and September may be plowed down 
in October without any danger to the succeeding crop or soil, unless 
the weather conditions are very unfavorable, as, for example, dry and 
hot, in which case the dangers pointed out in the turning down of 
the rye in the spring in its mature state would be likely to follow. 
Otherwise, if the weather should continue moist and hot, the rapid 
decay of the vegetable matter would be likely to result in a too 
rapid fermentation, probably inducing acidity of soil; this would 
not be likely to be a real danger except upon very light, open soils. 
On heavy clay soils, where the texture is more dense the tendency 
would be to prevent the too rapid entrance of air, and thus cause a 
more uniform decay. 


When to Lime. 


Where the crop is very large and where the conditions pointed 
out here are anticipated, the better practice will be to remove in 
part at least the burden of crop. It is desirable, also whether in 
the spring or fall use of the manure crops, to see to it that there is 
sufficient lime in the soil to assist in the fermentation, as well as to 
neutralize acids that may be developed. Hence, where green ma- 
nuring is practiced, there is greater need of the occasional appli- 
cation of lime. It is not necessary that it shall be applied in all 
cases, Since the application of, say 25 bushels of stone-lime per 
acre, in a rotation once in four years, would be likely to meet all 
the needed requirements for lime. If these suggestions are ob- 
served in reference both to soil inoculation and the plowing in of 
the green crops, there is no question as to the advantages that may 
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be derived from the practice. It will result, not only in building 
up soils poor in that important element, nitrogen, but will contribute 
materially to the improvement of their physical character, the water- 
holding capacity, and their consequent crop-producing power. On 
soils rich in potential fertility, the continued and judicious use of 
green manures will materially improve the mechanical character 
of the soil, not only, but will be very influential in the maintenance 
of fertility, without large additions of the minerals, phosphoric 
acid and potash. 


The Amount of Nitrogen Contained in Average Crops. 


While it has already been pointed out that it is very difficult to 
estimate the amount of nitrogen that the leguminous crops will 
draw from the air, the following tabulation shows the nitrogen 
and organic matter that are contained in an ordinary crop of the 
various plants: 


Per Acre 5 Nitrogen . SAE ether: 
COW GAS; 40.0% ons ook 6 48 1,920 
SOY DEANS: aie cfeceus sce 6 60 2,640 
Crimson clover, ...... 6 60 2,160 
Alstke clover, <2... 6 60 2,640 
Red, clover, .:..8.... 6 60 2,400 
Canada field peas, ... 5 50 2,200 


If the amounts of nitrogen indicated in the table as contained 
in a crop that can be harvested were all gathered from the air, 
there would be an undoubted increase in the fertility of the soil, as 
the amount of nitrogen gathered is equivalent to that contained 
in from 320 to 400 pounds of nitrate of soda, which amount would 
be regarded as a heavy dressing for even vegetable crops. Inter- 
preted in terms of yard manure, the nitrogen and vegetable matter 
would be equivalent to from six to eight tons of average yard ma- 
nure. It must be remembered too, that the yields given are not 
large, and that they do not include the amount of nitrogen and 
organic matter that may be contained in the roots and stubble, 
which in the case of the clovers is very considerable. | 

Furthermore, experiments have shown that the rapidity with 
which the organic matter will decay and give up its nitrogen to 
the cereal group of plants, is such as to make this source of nitrogen 
compare favorably with that contained in the average commercial 
fertilizer. The fact that so large an amount of nitrogen is intro- 
duced by means of green manures, whether entirely drawn from the 
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air or not, makes it important to use care, in order to prevent too 
large accumulations of this element. The danger, particularly in 
the case of certain cereal crops and fruits, is that the excess of 
nitrogen would be likely to cause an abnormal growth, that is, an 
undue leaf and wood growth. As in all other lines of farm practice, 
it is the judicious use of nitrogen that results in maximum returns. 


Practical Application of Principles. 


In order to give the most practical information to the farmer, 
the discussion of the use of the various plants described will be 
considered, first, in reference to those grown for the primary object 
of preventing losses in soils, and their consequent indirect improve- 
ment, due both to the saving of valuable soil constituents, and to 
the addition of vegetable matter; and second, in which the object 
of use is primarily to build up wornout or run-down soils, both in 
their physical character and their nitrogen content. In order that 
the matter presented may be directly applicable in present practice, 
it is necessary to select a method of practice now largely followed 
and which if continued will result in loss, and point out how the 
plants may be used and losses may be prevented, and what the gains 
are likely to be other than the saving of the food in the soil. 


The Losses that May Occur in Rotation. 


The common rotation of corn, oats, wheat or rye, and clover, may 
be taken as an example, because as usually conducted it is wasteful 
of fertility, due to the fact that no improving crops are introduced 
between the cereals, and only one in the rotation, and if the clover 
fails there is no renovating crop grown. By this practice it is im- 
possible to prevent losses due to leaching, since the land is left 
bare for a part of two years. The sod land is used for corn, if 
it happens to be clover, the striking benefit of the clover in fur- 
nishing an abundance of nitrogen is apparent. The corn crop is 
usually harvested in early September, at a time in the season when, 
because of favorable conditions of weather preceding, namely, warm 
and moist, there has been an accumulation in the soil of nitrates 
due to the breaking down of the vegetable matter contained in the 
clover crop. After the removal of the corn, the land is left bare, 
except possibly a few annual weeds, the nitrates that have been 
formed and are ready to immediately feed another crop, and which 
are freely movable are carried away into the drains by the 
heavy rains liable to come in the fall. If heavy rains do not come 
in the fall, then the spring rains, which come before another crop 
is planted, carry at least a part of the nitrates so essential for the 
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nourishment of the early seeded crop away from the soil. The fur- 
ther disadvantage is that with the soil bare during this period of 
five or six months, the mechanical losses due to the high winds of 
winter and spring and to the washing of the surface are very consid 
erable, especially on light land. 

The losses that have resulted because of these conditions leave 
the soil depleted of a part of its active constituents, hence when 
the oats are seeded in the spring the crop may start promptly, due 
to the nourishment contained in the seed, but this consumed, the 
young plants soon become hungry for food, the available nitrogen, 
which is necessary for a rapid growth is lacking and it does not 
make proper development until the conditions of warmth and 
moisture are again favorable for causing changes to take place 
in the soil, unless directly fertilized or manured. After the oat 
crop is removed, usually about the middle of July, the land lies bare 
again until the seeding of wheat or rye in September. During the 
summer season, the losses from leaching are not likely to be so 
serious, except in seasons of unusual rainfall, but if not wet, the 
weather is usually very hot; the rays of the sun strike direct into 
the soil and the temperature, particularly if it is sandy, rises very 
high—the soil becomes dry and hot, in which case the organic life 
present in the soil is likely to be destroyed. That is, because of the 
high temperature at this season the soils are not improved by lying 
bare, but rather injured, and when the fall crop is sown, instead of 
an accumulation of available food in the soil, for the wheat or rye, 
there is a deficiency, because the agencies active in promoting 
changes of dormant into active foods have been in part destroyed. 
The succeeding year crops must, therefore, be fertilized to ensure 
a good start, and a sufficient root-hold upon the soil to carry them 
through the winter. These, in brief, are the unfavorable conditions 
in a rotation of this sort, a rotation in many ways a desirable one, 
but which as ordinarily conducted results in a rapid exhaustion of 
soil, though one which permits of great improvement if properly 
modified by the use of catch crops. 


The Use of Catch Crops Improves the Rotation. 


In order to prevent losses, as well as to provide for an accumula 
tion of food in the soil, the following suggestions are made: In the 
first place, crimson clover may be seeded in the corn, just before 
the last shallow cultivation, at the rate of 12 pounds per acre. If the 
seed is well covered it will germinate very quickly, though the 
plants may not make much growth until after the corn is removed, 
owing to the rapid absorption of food and moisture by the corn 
in the last stages of maturity. The plants will, however, then start 
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up and grow rapidly and if the weather is favorable often cover the 
ground with a mat six or eight inches thick, filling the entire sur- 
face soil with fine rootlets, which absorb and hold fast to the avail- 
able nitrogen already there, and which would otherwise be lost, 
besides, they would acquire from the air a part at least of the 
nitrogen which is so valuable an element. This crop would, too, 
hold fast to the soil and prevent mechanical losses due to washing, 
so liable to occur in winter. 

In many cases it is desirable to pasture because the large fall 
growth of the clover, if not removed, will increase the danger of 
smothering in winter. Should, however, the conditions not be 
favorable and the plants die before spring, the nitrogen in the fall 
crop, either absorbed from the soil or accumulated from the air, 
will amount to an equivalent of five to six tons of yard manure per 
acre, in addition to the improvement of soil due to the considerable 
organic matter in the crop. The crop may be turned under at any 
time when it is convenient for the oats which follow the corn, thus 
not interfering in any way with the rotation, though naturally the 
amount of food gathered for the oat crop will be small, owing to 
its early seeding. The gain here is chiefly due to the prevention 
of losses. When there is injury to the clover crop, due to very dry 
weather following seeding, or because of unfavorable conditions 
which make careful seeding impossible, the advantages gained by 
the use of this crop may be in part attained if with the clover is 
mixed seed of the turnip, or Dwarf Essex rape, a half pint 
of seed per acre of each of these plants, used with the clover seed, 
using the same amount of clover, will be sufficient to give a consid- 
erable number of plants per acre, and will not interfere with the 
growth of the clover, should the conditions be favorable for its 
development, and if not, then the covering of the soil by the plants 
of the turnip and rape will be sufficient to absorb and retain food 
that is liable to be wasted, besides there will be an accumulation of 
vegetable matter useful in the improvement of the soil and in the 
feeding of other crops. The soil will be covered, even though the 
plants die, with a mulch of vegetable matter that will prevent the 
washing and mechanical losses due to heavy storms. Where 
neither crimson clover, turnips or rape are regarded as available 
plants for the purpose, then rye or wheat may be seeded at the last 
cultivation of the corn, at the rate of one and one-half bushels per 
acre, 

By this method of practice a growing plant of the “nitrogen con- 
suming” class is used, which will in its growth hold fast to the 
available food liable to be lost, besides filling the ground with roots 
and preventing mechanical losses. This crop may be turned under 
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early in the spring without interfering with the rotation, though nat- 
urally the only gain will be the saving in the soil of food that would 
be liable to be lost. The chief advantage of the nitrogen consuming 
crops when used for this purpose, has been, as will be observed from 
the previous discussion, is to hold fast to food that may be lost, as 
the growth of the crops will not in any large degree increase the 
constituents in or improve the properties of the soil, as the oats 
seeded early in the spring will prevent the crops from making any 
considerable accumulation of food from soil and air, 

The next point to be considered is the protection of the soil, as 
well as its possible improvement after the oats are harvested, and 
before the succeeding crop is planted. It is preferable in this case, 
of course, to use a plant which will accumulate nitrogen from the 
air, renovating rather than exhaustive in its character, as the crop 
which follows, namely, wheat or rye, is a nitrogen consumer, whose 
entire and only source of nitrogenous food is the soil. A nitrogen 
consuming crop, as millet, for example, or even buckwheat, would 
use too completely the available food in the surface soil, converting 
it into organic forms and hence make the conditions of soil less 
favorable for the wheat in respect to available plant food, than if 
the crop had not been grown. Furthermore, a crop must be grown 
which develops rapidly, in order that a large accumulation of nitro- 
gen and organic matter may be made in a short time, say six weeks 
or two months. For this purpose, therefore, no better plants can 
be suggested than the cow pea or soy bean. 

It is not necessary in the seeding of these plants that the land 
should be plowed after the oats are removed, if the surface two or 
three inches of soil can be made fine with a Cutaway harrow, in 
fact, this is a better practice than to plow, as the losses of moisture 
due to the preparation will be much less and the possible effect 
of dry weather in part avoided. Hence, immediately after the 
oats are removed prepare the land and seed cow peas or soy beans 
at the rate of one and one-half bushels per acre; they may be broad- 
casted, harrowed in, or put in with the grain drill, and preferably 
dressed with 250 pounds per acre of a mixture of four parts of 
acid phosphate and one part of muriate of potash. This added fer- 
tility is to ensure an abundance of available mineral food, so neces- 
sary in order that the plant may be induced to appropriate nitrogen 
from the air. This, of course, will remain in the soil for the use 
of the wheat or rye, which follows. At this season, if there is suffi- 
cient moisture, the plants germinate quickly and grow rapidly and 
will in six weeks make a considerable crop. 

The advantages of growing a crop of this character are, first, that 
the soil is very soon covered with a plant of a large leafy growth, 
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thus protecting the soil from the direct rays of the sun, and prevent- 
ing the destruction of organic life, due to hot and dry conditions, 
‘and in the second place, there is an accumulation of nitrogenous 
vegetable matter, which when plowed into the soil is useful for the 
succeeding “nitrogen consuming” crop; and third, there is no inter- 
ference with the growth of the regular crops of the rotation. That 
is, even though the period of growth is not long enough to cause 
the complete development or full maturity of the plant, it can be 
turned under when convenient, with the satisfaction of knowing 
that even though a small crop has been secured the soil is better, 
both physically and chemically, for the growth of the following 
wheat crop than it would have been if the land had been left bare. ' 


Failures Should not Discourage. 


As in the case with a number of other crops, failures sometimes 
occur, particularly in the catch of crimson clover. This is not al- 
ways due to the season, though frequently such is the case. It is 
my judgment that the failures are more frequently due to the lack 
of proper preparation of the soil and seeding. In many cases the 
plants are starved in the beginning because the rapid growing of 
the corn absorbs the food and moisture, hence, if the seeds are placed 
deeply the danger from this source is not so great. It often hap- 
pens too, that the preparation of the land for corn and its cultiva- 
tion have not been of the best; the land is hard and cloddy and thus 
too little food is available for the clover. Sometimes, too, the soil 
may be slightly acid, which would make it an unfavorable medium 
for the growth of the soil organisms, whose presence have so im- 
portant a bearing upon the growth of the crop; strict attention 
to those points which are important in the growing of any money 
crop is quite necessary in the successful growing of catch crops. 
It is recommended that where failures have occurred that the seed 
be covered more deeply and that in the preparation for corn the 
land be well tilled and preferably limed, say at the rate of 25 
bushels per acre, either the year before planting on the sod, or early 
in the spring after plowing, and well harrowed in, and on land not 
in a good state of cultivation, this practice should be followed by a 
broadcast dressing of acid phosphate at the rate of 250 pounds per 
acre. The lime will neutralize the acidity of the soil, the acid phos- 
phate will ensure an abundance of available phosphoric acid for the 
plant, which requires considerable in its early growth and a deeper 
seeding will cause a better hold of root and enable the plant to 
withstand a lack of moisture, which is one chief difficulty encoun- 
tered in the seeding with corn. In the growing of the cow pea, 
after oats, it is very desirable if the best results are to be obtained, 

i) 
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that the plant have at its disposal a sufficient amount of available 
phosphoric acid; the addition of this for the benefit of the catch crop 
will not be lost, but be recovered again by the crop of wheat, and 
by making conditions favorable for the growth of the cow pea the 
plant is in a position to fully exert its function in the way of appro- 
priating nitrogen. 


Danger of Injury to Soil by Green Manuring. 


A word of caution should be given concerning the turning under of 
green crops as manure. If the conditions of season are not favor- 
able, i. e., too warm and moist, the land may be injured rather than 
benefited by the turning under of so Jarge a mass of material. It 
may ferment or change too rapidly, the rapid decay developing an 
acid, which may be so great as to cause injury to the soil. If, on 
the other hand, it is too dry, the crop does not decay for some time; 
a mass of vegetable matter lies between the surface and subsoil, 
which prevents capillary attraction, and results in a greater drying 
of the surface soil than would be the case if no crop had been grown. 
In either of these cases the possible disadvantages should be recog- 
nized. Hence, where a crop of some size is turned under in hot 
weather it is desirable to add lime, which will neutralize the acid 
and assist in the decomposition of the vegetable matter. If the 
crop is too heavy, a part at least should be removed and great care 

taken to thoroughly “firm” the soil after it has been turned down. 
_ It is also well to remember that a too frequent turning under of 
heavy green manure crops will rapidly increase the soil’s content of 
nitrogen, and unless large applications of minerals are made, the 
soil may become so rich in this element as to cause too great a 
leaf growth of the cereal plants. When this stage is reached the 
practice should be changed, the crop of cow peas should be used as 
before, but preferably used as forage or made into hay, and only the 
roots and stubble turned under for the wheat. The chances are 
that in most cases this would be the better practice from the stand- 
point of soil improvement—it certainly would be a more economical 
method of practice where the forage can be used to advantage. 


The Application of the Principles in Other Rotations. 


The principles that have been pointed out in this discussion rela- 
tive to the addition of crops that may be used in this rotation, in 
order to improve the soil, hold true for other crop rotations, when 
the land is left bare for any considerable period, and also in refer- 
ence to the improvement that may come from the introduction into 
the soil of considerable vegetable matter containing nitrogen, which 
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has not been drawn from soil sources. Still, suggestions as to 
changes in practice which may result in increasing the area and 
yield of more useful crops may be of service. For example, in 
growing corn, it has been demonstrated beyond a doubt that this 
crop may be grown on good land many years in succession on the 
same land, while at the same time maintaining, if not increasing, 
the yield of crop, provided a crop of crimson clover is grown and 
plowed down. That is, because of the holding fast of the soluble 
constituents liable to be lost in fall and spring, and because of the 
accumulation of vegetable matter and of nitrogen, by virtue of the 
clover crop, the corn is supplied with a greater abundance of mineral 
elements and of nitrogen each year, and the soil is not exhausted 
of its vegetable matter. 

Soils naturally rich in minerals, with the improved physical char- 
acter, due to the introduction of the catch crops, will provide the 
corn plant with a full supply from year to year without direct or 
heavy applications of fertilizer supplies. This practice would be 
very desirable on dairy farms, where a large yield of corn for the 
silo is an important factor. It may be modified still further and 
made more profitable by using a part of the clover instead of turn- 
ing it under, as in the middle States the clover will be ready to 
harvest from the middle of May until the first of June, depending 
upon the season, or in time to permit the proper maturity of corn 
planted after that date. Hence, when the clover is seeded for the 
purpose of using in part on pasture, forage or hay, the land should 
be cultivated as nearly level as possible, and the corn stubble broken 
down or rolled off in winter. The crop may be pastured earlier 
than any other clover, and it may be cut for green forage or hay 
by the 20th of May, or in time for the planting of another crop. 
The removal of the clover, of course, results in reducing the amount 
of vegetable nitrogenous matter introduced into the soil, and for 
best results the soils should be matured in addition to the applica- 
tion of the mineral constituents, though in many cases the harvest- 
ing will be imperfect and a very sufficient amount left to consid- 
erably increase the supplies for the corn crop. 

Where the rotation consists of corn, late potatoes, wheat and 
clover, the crimson clover seeded in the corn may be allowed to 
partially mature, thus making a very considerable addition of food 
to the soil for the potato plant. This is a very excellent rotation, 
resulting in very materially improving the soil, particularly when 
the potato crop is a profitable one, as it enables the use of two clover 
crops, both contributing to soil improvement, besides, the potato 
is not an exhaustive crop. In this rotation the cow pea could not 
be readily introduced, as the wheat should be sown almost imme- 
diately after the potatoes are removed. 
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Modifications of various rotations may be adopted and the useful- 
ness of the proper catch crop very easily demonstrated. The main 
points to be observed is to keep the soil covered between crops with 
a leguminous crop, if possible, but with some crop, in order to be 
sure of this; in the case of the corn a mixture of the crimson clover 
and other seeds, as turnips or rape, may be made, so that the catch 
is there in any case, though if only the fall growth is obtained, the 
advantages of a fall covering are many, namely, a very handsome 
return is obtained on the investment for seed and the labor in- 
volved. 


Improvement of Poor or Rundown Soils. 


Where soils are poor, and the primary object is to build up or 
make “condition” rapidly, rather than to secure money crops, the 
leguminous crops should be more generally and continuously used. 
The land, for example, which has been run down, lacks both chemical 
and physical character. The crops grown have been exhaustive, the 
land badly cultivated and condition such as to make it unprofitable 
to use direct fertilization for the purpose. The questions are what 
crops shall I use and how shall I use them to the best advantage 
in order that money crops may be grown the second year? 

If it is necessary to begin in the spring, the first crop used may 
be the Canada field pea. This should be seeded deeply, as early as 
it is possible to prepare the land, at the rate of about two bushels per 
acre, and the land should preferably receive a dressing of say 500 
pounds of a mixture of 400 pounds of acid phosphate and 100 pounds 
of muriate of potash per acre. This crop may be plowed down, in 
our middle States by the first of July, and may be followed imme- 
diately by a crop of cow peas, seeded as already recommended and 
without further fertilization, and this crop plowed down by the 
middle of September, the land preferably limed at the rate of 25 
bushels per acre, obeying in both cases the precaution to thor- 
oughly “firm” the soil by rolling. This may be followed by a seeding 
of rye and sand vetch, one bushel of rye and one bushel of vetch, 
preferably fertilized with a dressing of 200 pounds of acid phos- 
phate and 200 pounds of ground tankage per acre, preferably to- 
secure a good catch and growth of rye. This combined crop may 
be turned under in spring for corn, without the further addition of 
fertility elements, and a rotation, the adoption of which is suitable 
to soil and conditions, provided it permits of the introduction of 
leguminous catch crops. 

Here we have in one season, or previous to the planting of the 
corn, three crops of a leguminous character, which should very ma- 
terially change and improve the character of_ the soil, making a 
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heavy soil more open and porous and absorptive, and a light soil 
more compact and retentive, besides furnishing a very considerable 
percentage of nitrogen available for the succeeding crops. Natu- 
rally, if the soil is poor it will be necessary to continue with as 
many leguminous crops in the rotation as it is possible to introduce. 
For a year or two at least, keeping the number of money crops in 
the rotation as low as possible. 

The object of this work is to point out, so far as it is known to 
the writer, the principles involved in the natural improvement of 
soils; with these understood the individual farmer will be better 
capable of selecting his crops useful for the purpose than any one 
else, as he is familiar with his climatic and seasonal conditions, his 
own soil and its adaptation for the various crops, both “catch” and 
“money.” He should remember, too, that the knowledge of these 
things is yet very incomplete and that he must not rest satisfied 
with the improvement that may be obtained by its use, but to take 
advantage of such further additions as may be made from time to 
time, as the resut of scientific investigations. 
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THE FUNDAMENTALS OF SPRAYING. 


By ARNOLD V. STUBENRAUCH, B.S8., M. 8. A., Instructor in Horticulture in the University of Illinois 
and Assistant in Horticulture at the Illinois Experiment Station. 


INTRODUCTORY. 


Although the literature on spraying has become extensive since 
the introduction of the practice of treating trees and plants with in- 
secticides and fungicides, there still remains much to be told to the 
ordinary grower of crops. In general, it may be said that the matter 
put forth has not been detailed enough. While the subject has been 
fully exploited so far as the desirability of spraying and the kinds of 
substances and compounds to be used are concerned, the many little 
points and details which go so far to make successful results pos- 
sible have for the most part been overlooked in the effort to accomp- 
lish greater things. It will be the purpose of this bulletin to take up 
and consider the fundamentally important details of spraying, and 
attempt to explain the principles involved, so as to render it possible 
for the growers to think and act for themselves; thus enabling them 
tv proceed intelligently and effectively in this important line of hor- 
tieultural work. 

Spraying is perhaps the most expensive of our orchard practices. 
Yor that reason it is very likely the most generally slighted of all 
horticultural operations. It is, on the other hand, the most exacting 
in its requirements. For without the most intelligent and painstak- 
ing care in every detail of the work, the efforts may lead not only 
to ineffective but even to negative results. 


Importance of Timely Work. 

In the first place the application must be timely. It will not de 
to put off spraying work until some other farm duties have been 
dove, and then go out and squirt around in a hit and miss sort of 
fashion. The time when an insect or fungus can be successfully 
combated is, in most cases, exceedingly short. Often a difference of 
a cay or two is sufficient to change success into failure. Thus in the 
case of codling moth, for example, it is impossible to reach the worm 
after it has gotten well into the fruit. As its first efforts are directed 
towards burrowing into the fruit, it is essential to have a poisonous 
dose on hand as soon as the worm is hatched. Moreover, *Slinger- 


*Cornell University Experiment Station Bulletin 142, p. 21, 
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land has shown that most of the insect’s feeding before it enters ihe 
apple is done in the calyx cavity between the calyx lobes, where from 
75 to 90 per cent. of the worms goin. It is important, therefore, to 
have the calyx cavity well charged with poison. Formerly it was 
supposed that this could be accomplished at any time before the 
young fruits turned down. Slingerland* has pointed out the fact 
that the calyx lobes of the young apples close over the cavity in from 
seven to ten days after the blossoms fall. (See Plate I.) After such 
closing, it is practically impossible to get the poison into the cavity. 
The importance, then, of completing the application before the clos- 
ing takes place is emphasized. To the owners of large orchards this 
is especially important, for it means that sufficient apparatus must 
be provided to enable the spraying of the entire place before the ex- 
piration of the period mentioned. So it is also with the great ma- 
jority of fungous diseases: It is impossible to reach them when 
once they have penetrated the skin, as will be explained later. 


General Classes of Mixtures. 
There are two general classes of spray mixtures, viz: 
1 Insecticides. 
2. Fungicides. 
The first class includes all mixtures used for the destruction of in- 
sect pests; the second includes all applied against fungous diseases. 


CLASSES OF INSECTS. 

Every fruit-grower or farmer knows what an insect is. But not 
every fruit-grower or farmer knows that the insects attacking fruits 
and plants are of two general kinds They are; and the two ciasses 
are as follows: 

1. Chewing insects, or those which have biting and chewing 
mouth-parts. These take in and digest solid food, usually the leaves 
or fruit of plants. Such are, for example, the codling moth, canker 
worm, web worm, tent caterpillar, leaf skeletonizer and the like. 

2. Sucking insects, or those which have sucking mouth-parts. 
These suck the juices of the plant and therefore live entirely upon 
figuid food. These are the plant lice, scale insects and the like. 

Naturally, then, the life habits of these classes of insects demand 
very different methods of spraying in order to destroy them. The 
first class can be reached through their food supply, and are, there- 
fore, easily destroyed by poison eaten along with the parts of the 
plant attacked. The second class cannot be reached through their 
food supply, as they derive their sustenance by sucking the juices 
from within the plant tissues. They can, therefore, be destroyed 
only by contact with some caustic or suffocating compound. There 
are, therefore, two classes of insecticidal sprays: 


*Cornell University Experiment Station Bulletin 142, pp. 54 and 55. 
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Yoison sprays, such as Paris green, arsenite of copper, arsenite of 
lime, arsenate and arsenite of lead, and arsenical poisons generally. 
These are effective against the first class of insects only. 

Contact sprays, such as kerosene, crude petroleum, the lime, salt 
and sulphur wash, whale oil soap, rosin wash, pyrethrum, and to- 
bacco. These kill the insects by their caustic action or by closing 
up his breathing pores and thus suffocating him. The second class 
of insects can be destroyed only by these. Insects of the first class 
may also be destroyed by contact sprays, but only in rare cases 
is this class of mixtures so employed. 


FUNGI. 


ln order to understand fully the action of remedies against the 
other class of enemies which the fruit-grower has to combat, the 
fungi, it will be well to consider somewhat in detail the definition of a 
fungus—just what it is, how it lives and grows. 

What is a Fungus ?—A fungus is first of alla plant. It belongs 
to a lower order of plants, differing essentially from the more 
familiar “higher” plants in possessing no chlorophyl, or green color- 
ing matter. It is incapable of assimilating inorganic (mineral) sub- 
stances, and is therefore dependent upon organic matter either liv- 
ing or dead, upon which it grows and derives its sustenance just 
as the higher plants derive theirs from the soil. It has no leaves, 
bat it has something akin to roots and stems, the mycelium, and its 
means of reproduction and spread, the spores, analogous to the seeds 
of higher plants. The spores are perhaps the most important part 
of the fungus from the point of view of the fruit-grower, for it is by 
the means of these that the disease or destruction by the fungus is 
spread from leaf to leaf, from fruit to fruit, or from tree to tree. 
Any agency, then, which may disseminate the spores may be the 
means of spreading the disease caused by the fungus. Wind, rain, 
insects, birds, animals and even man himself are known to act in 
this capacity. 

How a Fungus Grows.—Now, what takes the place when one of the 
spores falls or is placed upon a leaf or a fruit? If the conditions of 
temperature and moisture are favorable it will germinate—just 
as a seed does when planted in moist, warm earth—and send 
out a small tube, known as the “germinating tube” of the fun- 
gus. These spores with their germinating tubes are exceedingly 
small and can be seen only with a compound microscope. Plates 
II (a) and II (4) are reproduced photo-micrographs of bitter rot 
spores before and during germination, all greatly enlarged. From 
this point fungi differ in their development, in the manner 
in which they grow and extract their nourishment from the 
parte of the host plant attacked. In one class the germinating tube 


(a) A pear and two apples just right for spraying, the calyx lobes spreading 
and open, just after the petals have fallen. 


(b) One week after the petals have fallen. Almost too late to spray the apples, 
the calyx lobes having almost completely closed over the cavity. The middle 
fruit is that of a pear, which closes little, if any at all. 


PLATE I. 
Apples just after the petals have fallen and one week later. 


(From photographs by Slingerland, Cornell Experiment Station, Bull. 142, pp. 
54 and 656.) 


(a) Before germination. 


(b) During germination. 


PLATE Il. 


Bitter Rot Spores, as seen under the Microscope. 


Fig. 1. Greatly enlarged cross section of rose leaf (a) affected with an external 
fungus, the powderly mildew. Both the mycelium and spores (b) are entirely 
external. The fungus sends suckers (c) into the epidermal cells to get nourishment. 


(Drawing by H. Hasselbring of the Illinois Experiment Station.) 


Fig. 2. Greatly enlarged cross section of carnation leaf affected with an internal 
fungus, the carnation rust. The mycelium (a) grows wholly within the leaf 
between the cells'(b). Only the spores appear at the surface. 


(Drawing by H. Hasselbring of the Illinois Experiment Station.) 


(a) Sprayed to the proper point. 
PLATE TIT. 
Glass Plates showing the effect of proper and improper spr 
(From Bulletin 68 of the Ill. Exp’t Station.) 
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(a) Sprayed to the proper point. 


(b) Sprayed too long, or drenched. 


PLATE IV. 
Apples properly and improperly sprayed. 
(From Bulletin 68 of the Ill. Exp’t. Station.) 


PLATE V. 


Apple leaves showing the results of the accumulation of the spraying material at 
the edges by running down and evaporating. The dark edges and spots represent dead 
patches on the leaves. 


(From Bulletin 68 of the Illinois Exp. Station.) 
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begins to branch out and continues growing upon the surface of the 
leaf or fruit, leaving its mycelium exposed. These are known as ex- 
ternal fungi, and are by far the easiest class of fungous diseases to 
combat. (See Fig. 1.) For it is obvious that the fungicide can be 
applied directly to the mycelium. In this way the fungus can be de- 
stroyed and its further development prevented. To this class of 
fungi belong the powdery mildews of the grape, the gooseberry and 
the rose. 

lu the other class of fungi, the internal fungi, the germinating tube 
penetrates the skin and there branches. Thus the mycelium is de- 
veloped within the tissues of the parts of the plant attacked. (See 
Fig. 2.) It is obvious, then, that the mycelium is wholly out of reach 
of any spraying compound, and, therefore, once the fungus has 
gained entrance it is practically impossible to arrest its development. 
The remedy can be only preventive in its action. The fungus must 
be killed before the germinating tube enters, otherwise all effort is 
lost. This isso fundamentally important that it will bear the strong- 
est emphasis. In addition to this it must be pointed out that the most 
commonly used fungicide, Bordeaux mixture, does not destroy the 
spores themselves. It is the little germinating tube only which is 
destroyed by the fungicide, and, therefore, before the remedy can be 
ctiective, the spore must germinate. Hence, the necessity of having 
the remedy applied in time becomes doubly important, for the germi- 
nating tube must be destroyed before it penetrates. The de- 
development of the disease will continue, despile the pres- 
ence of the remedy applied too late, and complete its life 
history by producing new crops of spores ready to spread the dis- 
ease anew. The downy mildew of the grape, the scab, the fruit rots, 
the cankers—in fact, most of the fungous diseases which afflict trees 
and plants in this region of the United States come under the head 
of internal fungi, and must be dealt with accordingly. Remedies 
should be applied before the fungi of this class have gained a firm 
foothold. Spraying should be begun upon the first appearance. It 
is not necessary to wait for it to make a “showing.” Otherwise, the 
spores may become so extremely abundant that, relatively, a large 
proporti .n of them may escape the fungicide and thus complete their 
missioy of destruction. 


Classes of Fungi Summarized. 

To summarize briefly, therefore, regarding fungi, it is seen that 

there are: 

External fungi.—powdery mildews of grape, rose and gooseberry 
—which develop on the surface or outside and which are thua 
comparatively easily killed at almost any stage of their 

_ growth by fungicidal mixtures coming in contact with their 
exposed mycelium. (Fig. 1.) 
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2. Internal fungi—downy mildew of grape, scab, fruit rots, canker, 
ete.—which continue their development wholly within the 
tissues of the parts attacked and which are thus prevented 
from developing only by destroying the germinating tube of 
the fungus before it penetrates the skin. (Fig. 2.) 


PHysicAL PROPERTIES OF MIXTURES. 


li, order to know just how to use and apply the different spraying 
liquids now in common use, it is necessary to understand and appre- 
ciate their physical properties, their behavior in the tanks, in the 
pump, at the nozzles and on the plants. To do this most conveniently, 
spray mixtures may be divided, irrespective of their insecticidal or 
fungicidal properties, into three general classes: 

1. Mixtures involving the suspension of insoluble substances ip 
water; for example, Paris green and other arsenites, Bor- 
deaux mixture. 

2. Mixtures consisting of simple solutions; for example, copper 
sulphate solution, ammoniacal copper carbonate, sulphide of 
potash, different soap solutions, solutions of lye or caustic 
soda. 

3. Emulsions or mechanical mixtures of oily or waxy substances 
with water; for example, kerosene and crude oil emulsions, 
or the kerosene and crude oil mixtures with water through 
the medium of the pump and nozzle, without the aid of emul- 
sifying agents. 


Mixtures Consisting of Insoluble Materials in Suspension. 


In the mixtures of this first class, insoluble substances are to be 
suspended in water and applied while in suspension. It is import- 
ant to bear this in mind, as upon this fact depends not only the 
method of application but also the method of maintaining the com- 
pound on the fruit or leaves, as the case may be. It is necessary that 
the mixing be thorough in order that the material may be equally 
disseminated throughout the liquid. For unless it is, the distribu- 
tion of the poison or fungicide will not be uniform, and hence effec- 
tive results cannot be obtained. The insoluble material is kept in 
suspension by means of agitating the liquid either by a separate 
agitator or by a devise attached to the pump handle. 


Agitators Considered. 


The proper and thorough agitation of sprays of this class is one 
of the most important points in the successful use of the materials 
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so used. The agitators now in common use are far from perfect 
and unless carefully watched are often the cause of failures. It has 
now come to be almost the universal custom to attach the agitating 
device to the pump handle, so that the liquid is stirred with every 
stroke of the operator. This at first sight seems a good plan. In 
some respects it is, for it at least secures some sort of agitation 
which is better than none at all. But the labor of pumping, so as to 
keep the pressure up to the required mark, is really heavy enough 
without adding to it the extra work of keeping a properly con- 
structed agitator at work. Then, too, the two motions can hardly 
be coupled to advantage. For the pumping, a long, steady stroke 
is hest, while for thorough agitation a quick, abrupt stroke is prefer- 
abie. Itis very much better, therefore, to have the agitating device 
separate from the pump. In this way a few vigorous strokes or 
turrs of the handle accomplish a great deal better work than the 
slow dipping of a paddle. Agitators having a whirling paddle with 
tilting blades arranged somewhat like a screw propeller are, on the 
whole, the most satisfactory. (Fig. 3.) With this instrument the 
liquid is given a whirling up- 
ward motion, which very ef- 
fectively dislodges the ma- 
terial from the bottom and 
sides of the tank. On the 
long, flat tanks now in gen- 
eral use it is practically im- 
possible to secure thorough 
agitation throughout the 
liquid by any device which 
may be attached to the pump 
handle. For these tanks the 
agitator should consist of a 
set of two or three paddles so 
arranged that they will keep 
the whole body of liquid in 
violent motion. These pad- 
dles should be attached to a 
lever or handle on top of the 
tank. Where Paris green is 
used alone, the agitation must be continuous while the pumping 
is going on, and in order to insure its thoroughness it would pay to 
put on an extra man or boy to run the agitator. With properly 
prepared Bordeaux mixture (as will be explained later) continu- 
ous agitation is unnecessary. Merely stirring the liquid from time to 


. 
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time is amply sufficient to keep the precipitate in suspension. This 
can best be accomplished while the rig is moving from tree to tree, 
thus allowing one man to do the whole work. Some growers in New 
York have rigged up attachments on the wheels of their spray wagons 
which turn the agitating device and thus do away with this extra 
hand labor. Where Paris green is used combined with Bordeaux 
mixture, the latter helps to keep it in suspension and no further agi- 
tation is needed than for the Bordeaux alone. 


Proper Placing of Pumps on Barrels. 


Most of the pumps are now placed on the end or head of the barrel. 
lor use in applying mixtures consisting of suspended materials— 
especially Paris green—it is very much better to place the pump on 
the side of the barrel. When the barrel is laid down on its side, as 
it must be in that case, a bottom with a depression at the center is 
formed by the sloping sides. Most of the settling will go towards 
this depression and thus there will be really a smaller settling area 
than that afforded by the flat bottom. Moreover, the flat bottom 
and straight sides, when the barrel is used upright, offer some re- 
sistance to the movement of the liquid, while the sloping bottom, 
in the case of the barrel on its side, offers little resistance and thus 
aids rather than retards in the movement of the liquid. In order to 
see how difficult it is to dislodge a comparatively heavy substance, 
such as Paris green is, from around the sides of a barrel bottom, 
place a small quantity of the poison in a flat-bottomed tumbler and 
attempt to keep the material in suspension by stirring. It will be 
fonnd that it requires rather vigorous stirring in order to dislodge 
the green from the bottom and keep it from settling around the sides. 
[f this little experiment is performed, it will be well to note how very 
inuch more effective is a whirling motion over a simple dipping, il- 
lusirating the advantages of the whirling-paddle agitating device. 


How to Spray Properly. 


To spray properly is an art requiring both skill and intelligent 
care to accomplish it successfully. Moreover, it is of the greatest 
imiy ortance; for no matter how carefully the mixtures may be com- 
pourded or how nearly up to purity standards are the ingredients 
used, full success is practically impossible unless the mixtures are 
properly applied. It is not enough to go out with a vim and de- 
termination “to do an everlasting good job” and give everything a 
drenching. This is not only wasteful but positively less effective 
than when a smaller quantity is properly applied; for when drench- 
ing is practiced there will finally be less material on the trees, leaves 
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dnd fruit than when a smaller quantity is properly put on. To many 
this may seem strange. But nevertheless it is a fact, and an at- 
tempt will be made to show just how it comes about. 

In order to do this it will be necessary to study in detail what takes 
place in the drops of water after they leave the nozzle and become at- 
tached to the fruit or leaves. It will be remembered that the ma- 
terial is to be kept in suspension and equally disseminated through- 
out the whole mass of liquid in the tank. Consequently, each minute 
globule of water as it leaves the nozzle will carry with it a certain 
vmount of suspended Paris green, Bordeaux mixture, or both, as the 
case may be. Now, the settling which goes on in the spray tank 
takes place also in the globule of water after it becomes attached 
to the leaf or fruit. Therefore, it is desirable to have each globule of 
water deposit its suspended material at the place where it is attached 
to the fruit. But liquids have what is known as “surface tension;” 
that is a force exerted from within which tends to keep a small 
globule of water intact. Beyond a certain size this force is unable 
to keep the globule intact as such. Then it will not remain where it 
strikes the surface of the fruit or leaf, but will run down to the low- 
est point and there drip off. This happens when the globules are too 
large or if the smaller ones are brought so close together that they 
run together to form one or several large ones and the same running 
down and dripping-off results. This running-together may be easily 
seen by breathing against a cold window pane. First, it will be 
noticed that the globules of condensed moisture are exceedingly 
small, each one, however, remaining separate and distinct. Now 
continue breathing against the moist spot. The globules of mois- 
ture increase in size until a point is reached where they run together 
and form one large globule spread over the surface of the glass. 
But now, instead of remaining spread over the glass, when it isina 
vertical position, the large globule runs to the lower edge of the pane, 
and if there is moisture enough, will drip off. 

This is exactly what takes place on the surfaces of leaves and fruit 
when the spray liquid is applied. The globules are at first deposited 
as separate, fine “dew drops,” covering the entire surface. This is 
the ideal point to be reached, and as soon as it has been accomplished 
no more liquid should be applied. If more is put on, the small drops 
run together and trickle down to the lowest point. It has been said 
that the settling of the material takes place in the globule of water 
after it becomes attached to the fruit. The larger the globule, then, 
the more settling will take place. It has also been seen that the 
settling goes to the lowest point. Consequently, if the globule is 
spread over a large portion or the entire surface, the settling will 
naturally go to the lowest place in this instance also, and as the low- 
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est point is where the water drips off, the sediments go to that point 
and drip along with the liquid, thus leaving actually less material 
on the fruit or leaf than when a smaller quantity is properly applied. 
Or, if it does not drop off it will accumulate at this lowest place, often 
in quantity sufficient to cause injury, while the upper portions are 
left bare and thus exposed to attack. 

Plate III illustrates the running together and settling to the low- 
est point. This effect was produced by spraying two glass plates, 
(a) just to the proper point and (0) beyond that point until the 
globules ran together. In (qa) it will be noticed that the surface of 
the glass is uniformly covered by the dried material. But note what 
took place when the spraying was carried beyond the proper point. 
The globules ran together and the liquid flowed down in little streams 
and carried with it the suspended material, leaving bare streaks, and 
either accumulating it at the lowest point or carrying it away where 
it dripped off the plate. 

It must be emphasized that the material must be so applied that 
it forms an’ wnbroken thin coating over the entire surface of the leaf 
or fruit. This is especially true of the Bordeaux mixture. That 
remedy, as has been shown, is wholly preventive in its action. Any 
breaks in the coating are exposed to attack, and if attacked, become 
ceuters of infection, the birthplace of new crops of spores, thus in- 
creasing the chances for new infection. The more numerous the 
spores, then, the more carefully must the application be made, for 
when the spores are very abundant the chances for some of them to 
settle on the exposed places are correspondingly greater. Plate IV 
(a) shows an apple properly sprayed. The photograph shows the dis- 
tinct marks of the separate globules of mixture. In addition, there 
were many exceedingly fine globules too small to be seen in the 
picture. Plate IV (0) is an example of an apple which has been 
sprayed long enough to allow the globules to run together and drip 
off or accumulate in spots. Notice how unevenly coated is the sur 
face. In an orchard where the fruit rot or the scab is very abundant 
an apple or a leaf sprayed as that one shown in the plate is little bet. 
ter off than if it had not been sprayed at all. 

The injury due to the excessive accumulation from the material 
running down and evaporating at the lowest points has been men- 
tioned. Plate V exhibits examples of leaves so injured. These 
leaves were taken from a tree sprayed with nearly ten times the 
usual strength of ammoniacai copper carbonate solution until the 
liquid began to drip. The leaves were badly burned around the edges 
and at the tips, while the leaves of another tree properly sprayed, or 
without dripping, were not injured at all by the same solution. Thus, 
it will be seen, that two evils may result from improper spraying: 
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Large spots may be left bare and exposed to attack, and injury may 
be caused by excessive accumulation in a few spots. 

Ouly a pump capable of maintaining a high pressure should be 
used, and for this class of work the finer nozzles are called for. The 
liquid should be kept issuing as a fine mist—so fine that it floats in 
the air as steam or smoke. This is impossible under a low pressure, 
for the higher the pressure the finer will be the mist, other things be- 
ing equal. The pressure should always, therefore, be kept at its 
maximum, if possible between fifty and sixty pounds, never below 
- forty. With the liquid issuing as a fine mist, the nozzle should be 
held some little distance away from the tree and the mist allowed to 
float in and condense itself upon the fruit and leaves in fine globules, 
thus completely bedewing the surfaces. 

Hence the importance of the injunctions: ‘‘ Use only a fine nozzle, 
use pressure enough to keep the liquid issuing as a fine mist, and spray 
only until the fruit and leaves are completely bedewed.” 


Mixtures Consisting of Simple Solutions. 


Mixtures of the second class, or diluted solutions, are somewhat 
easier to handle, in that the problem of agitation is absent. But 
they have to be considered from two standpoints and must be handled 
differently, depending upon whether they are used as insecticides or 
as fungicides, or whether for internal or external fungi. If used 
as a preventive against one of the internal fungi, then all the precau- 
tions regarding the maintenance of a fine mist upon the fruit must 
be observed. Otherwise, the two evils mentioned above—the leav- 
ing of exposed spots and the injury from excessive accumulation in 
spots—will result. Plate V has already been cited as an example 
of damage from the latter cause. If, on the other hand, the solution 
is used against the sucking insects or external fungi, and therefore 
intended to destroy by contact, a different mode of application is 
called for. In these cases a coarser nozzle, throwing a more or less 
direct stream is desirable. The effectiveness of the spray is often 
increased by having it strike with some force. Here the rules men- 
tioned above, regarding the maintenance of a fine mist, do not apply. 
Kvery part of the tree should be thoroughly wetted so as to have the 
spray come in contact with every insect and fungus spot. In this 
case the spray has usually done its work as soon as it strikes. It is 
not important, then, to have it remain on the trees; in fact, the re- 
verse is often desirable. Of course, when strong solutions are used, 
there is danger of injury from the accumulation by evaporation at 
the lower edges of the leaves, or if the solution is allowed to run 
down the trunks and thus saturate the ground around the root 


508 ANNUAL REPORT OF THE Off. Doc. 


crowns. -It is well, therefore to avoid waste when spraying in this 
way, and to carry the operation just far enough to wet every part of 
the trees or plants. 


Emulsions. 


The mixtures of this class are practically all used against sucking 

insects; scales, plant lice, and the like. A large proportion of these 
mixtures is also intended for winter use, when the trees are dormant, 
and are, therefore, not subject to the same rules as those used when 
the foliage is present. A more direct stream is desirable, for here, as 
with the simple solutions used for a similar purpose, the effective- 
ness of the spray is increased by having it strike with some force. A 
gocd many of the insects of the sucking class are protected by a 
voGlly, hairy or waxy covering, which it is hardly possible to pene- 
trate without projecting the spray against them. The writer has 
sprayed the plum aphis with kerosene and water through an or- 
dinary fine Vermorel nozzle without effect; while the same mixture 
put on through a somewhat coarser nozzle as a direct stream proved 
wholly effective. 

Ween kerosene and water or the crude oil and water are used the 
nozzle must not be too coarse. The mixing of the oil and water is 
accomplished at the nozzle. If the nozzle is too coarse, therefore, 
the mixing will not be thorough. The aim in the use of this class 
of mixtures is to secure a thin coating of oil over the tree—the 
thivner the better. For this reason the spray must reach and wet 
every part. It is not necessary to maintain the separate globules 
intact. Therefore, it is not so diffleult to apply this class of sprays 
properly. Excessive dripping must be avoided, and the mixture 
of oil and water must not be allowed to run down the tree trunks, 
or to accumulate in the crotches of branches. In the one case the 
root crown may be injured; in the other the bark in the crotch may be 
kilied and thus allow the entrance of disease spores to the heart 
woed. Spraying should proceed from the top downward, holding 
the nezzle in one place only long enough to wet that part, not until 
the liquid begins to run down. 
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RECAPITULATION OF SPRAYING DIRECTIONS. 


To recapitulate the spraying directions for the principal mixtures 
in use, the following table is presented: 


Paris Green and other Arsen- 
ites. 

Bordeaux Mixture and combi- 
nations of Bordeaux Mixture 
and Paris Green or other Ar- 
senites. 


Ammoniacal Copper Carbonate. 
Copper Sulphate Solution. 
Sulphide of Potash. 


Soap Solutions. 
Tobacco Water. 
Caustic Lye Solutions. 


Emulsions. 
Kerosene and Water. 
Crude Petroleum and Water. 


Spray with a fine nozzle under 
heavy pressure; spray only to 
the point of covering the fruit 
or leaves with a continuous 
coating of fine “dew drops.” 


When used for internal fungi, 
apply as directed for Paris green 
and Bordeaux mixture. When 
used against external fungi, use 
as directed for soap solutions 
and the like. 


Spray in a direct stream so as 
to strike with some force, using 
a coarser nozzle than for Paris 
green or the like. Avoid exces- 
sive drip and do not allow the 
solutions to run down the 
trunks. 


Spray emulsions as directed 
for soap solutions, etc. For kero- 
sene and water and crude petro- 
leum and water, use a nozzle fine 
enough to accomplish a _ thor- 
ough mixing, but yet capable of 
projecting the liquid more as a 
direct stream than as a mist. 
Completely wet every part, but 
do not allow the mixtures to run 
down the trunks, or to accumu- 
late in forks of branches or in 
deep wounds. 
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Purity oF MATERIALS AND PROPER PREPARATION OF MIXTURES. 


So far, but one side of the case has been presented. There is still 
another important phase of the subject to discuss before all the fun- 
damental factors leading to successful spraying results are explain- 
ed. Part of these factors are beyond the control of the fruit-grower, 
part are within his control. The purity of the materials used and 
theil proper preparation and combination are alluded to. These 
are of as fundamental importance as any of the points already men- 
tiored. For it is obvious that unless the materials used are pure and 
up to standard strength, their use cannot lead to successful results, 
no matter how skilfully and carefully they may be applied. It will 
be impossible to treat of the scores of materials that have been and 
are used in spraying operations. Space permits only of the discus- 
sion of those substances which now constitute by far the bulk of 
spraying materials in general use. These will be taken up in detail 
and their necessary qualifications explained.* 


Paris GREEN. 


This substance, known chemically as the aceto-arsenite of copper, 
was first used as a remedy for chewing insects about the year 1872, 
when it was recommended for use against the canker worm. <A few 
years later, 1878 or ’79, its efficacy against the codling moth was first 
discovered in Western New York:* Since that time its use as a 
peison against chewing insects has increased at an enormous rate, 
until at present many tons are being used for this purpose. 

Paris green was first used as a pigment in painting—hence its 
name. As such its prime quality was its bright green color together 
with some insolubility in water to prevent it from being washed from 
painted surfaces by rains. Its chemical composition and proportion 
of certain chemical ingredients were therefore of secondary import- 
ance. These considerations, then, did not enter in its manufacture. 
With its use as a poison spray, however, its chemical composition, 
together with its insolubility in water, become prime requisites. A 
demand for a green manufactured solely for its use as an insecticide 
has been created, which is being met, partly at least, by manu- 
facturers of the poison. During late years, however, there have 
been many complaints from users of Paris green both as to its ineffi- 
cacy and its injurious action upon the foliage of trees. Upon inves- 
tigation it was found that the greens prepared by different manu- 
facturers were exceedingly variable in their composition, the results, 


*For further information regarding the purity of commercial insecticides and fungicides, see 
Farmers’ Bulletin 146, issued by the U. S. Department of Agriculture. 
¢Slingerland, Cornell Univ. Agr. Exp’t Station, Bul. 142, p. 50. 
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no doubt, of so-called improvements in the method of manufacture, 
leading to an increased product at less expense. Paris green when 
pure varies both in composition and the proportions of its chemical 
ingredients. Add to this the variability brought about in its manu- 
facture, and it will readily be seen how exceedingly variable and 
unsatisfactory a product will result. 

Investigation has shown that most of the injury caused by Paris 
green is due to an excessive proportion of free arsenious oxid 
(white arsenic), either remaining as the result of careless manu- 
facture or wilfully put in to bring up a product low in arsenic to a 
standard strength. Free arsenious oxid is soluble in water after a 
time, and when it is present in Paris green to any great extent, de- 
stroys one of the latter’s most valuable qualities as an insecticide, 
its great insolubility in water. It is this latter quality which makes 
the use of Paris green possible without injury to the foliage. Free 
arsenious oxid is at times.extremely injurious to the foliage, especi- 
ally when in solution. This seems especially true in dry localities, or 
during dry weather having hot days followed by heavy dews or fogs 
at night. The arsenic seems to be more soluble under these condi- 
tions, and is dissolved by the dew and absorbed by the leaves in suf- 
ficient quantitiy to cause injury. More investigations of the subject 
are necessary, however, for at times it has been possible to use pure 
solutions of white arsenic without injury. But until it is known 
more definitely under what conditions the solutions may be used, it 
is safer to stick to the insoluble material. 

The other complaint entered against Paris green, its ineffective- 
ness, was found to be the result of a reduced proportion of arsenic, 
the active poisonous principle of the material. It requires a certain 
amount of poison to kill an insect. Naturally, then, if a weaker 
green is applied, an amount of arsenic sufficient to cause the insect’s 
death may not be present. This was really the first defect found in 
the manufactured poison, and led to legislation in some States— 
notably New York—stipulating that Paris green offered for sale 
shall consist of not less than fifty per cent. of arsenious oxid. This 
may have been responsible, to some extent at least, for the other 
count against the poison, its excessive proportion of free arsenious 
oxid, by leading manufacturers “to fill” a green low in combined ar- 
senic, with free white arsenic. Such legislation, therefore, reached 
only half way. The law has lately been amended so as to state defi- 
nitely, not only the total percentage of arsenic a sample should con- 
tain, but also the limit of arsenious oxid uncombined with copper. 
In California the limit of free arsenious oxid has been found to be 
four per cent., and that limit has been adopted in the law of that 
State.* 


*(Bulletin 126, California}Experiment Station.) 
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It is extremely important, therefore, that the fruit-grower know 
definitely the quality of the poison a dealer proposes to sell him. 
Moreover, he will do well to avoid the cheaper grades of this ma- 
terial. It is safe to say that the majority of them are unreliable. 
This has been the excuse that some manufacturers have given for the 
lew quality of their materials. “It will not pay us,” they say, “to 
produce a good article to go into the market alongside of the cheaper 
grades of poison, which the growers persist in buying simply be- 
cause they are cheap.” This is unfortunately true to a large ex- 
tent. But once the growers appreciate the folly of this penny-wise, 
pound-foolish policy there can be no doubt that the low-grades will 
“so begging” for purchasers at any price. The manufacturers have 
thus shown that it is possible to make a green which will meet the re- 
quirements of spraying purposes if the growers are willing to pay for 
it. On the other hand, unfortunately, the manufacturers are not 
always above suspicion. They seem willing to put out a medium- 
gerade article and charge first-grade prices for it under the plea that 
it is “specially prepared.” Then, too, some manufacturers, at least 
are preparing two grades of poison: one for sale in States where rigid 
laws are in force, the other for the less exacting Commonwealths. 
The only safe policy, therefore, lies in the enactment of laws defining 
the qualities of the green to be sold and providing for the inspection 
and analysis of all that is offered for sale. It is with the desire to 
acqusint farmers and fruit-growers with the true state of affairs, 
and with the hope of awakening them to a realization of their full 
necds, that these details are entered into here. 

Unfortunately, there are no simple tests which will indicate 
whether a Paris green is up to full strength or free from the objec- 
tionable white arsenic in the uncombined state. It requires special 
chemical knowledge and apparatus to determine these points satis- 
factorily. There are, however, a few tests which the farmer can 
makc for himself, showing whether a sample has been greatly adul- 
terated or not. These are given below, in addition to another which 
can be made by any one possessing a fairly good microscope. It is 
recommended that a farmer perform these simple tests upon a sample 
of the green which he proposes to buy, and if they fulfill these to 
submit the sample to higher authority for examination. If the 
san ple fail in these preliminary tests, it is unworthy of further con- 
sideration and it should then be discarded, thus saving delay in ascer- 
taining these same facts from some other authority. 


Tests FOR Paris GREEN. 

J. Paris green should be a wholly dry and impalpable powder. If 
the sample feels gritty when rubbed between the fingers, or if the 
mass clings together in cakes or lumps, it is impure and unworthy ef 
further trial. Baty 
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2. Color Tests.—The color alone can be depended upon to deter- 
mine whether a green has been wilfully adulterated or not. Pure 
Paris green has a decidedly bright, light emerald-green color. Any 
sample which presents a dull, pale or faded color is impure. By plac- 
ing a small quantity in, say, a homeopathic vial, and tapping the 
latier gently on the bottom or sides, adulterants can often be inade 
to separate, and can then be seen as white or light streaks or patches 
against the side of the vial. A pure sample will remain bright green 
against the glass. Woodworth, of the California Experiment Sta- 
tion,* has devised the following simple but effective test in connec- 
tion with the color test: Place a small quantity of green, what one 
can easily pick up on the point of a pen knife, upon a piece of window 
glass which has been polished clean and dry; tilt the glass at a slight 
angle and gently tap the edge, just enough to cause the green to flow 
in » streak across the glass. If the green is of good quality, the 
streak will be a bright, light emerald-green; if the sample has been 
adulterated, the streak will have a faded, dull or whitish appearance. 
Any samples, therefore, which exhibit the latter have been adul- 
tevated or are of too low a grade to be used. 

in connection with this test the writer has found that if great care 
is taken in cleaning and polishing the glass and the green is allowed 
to fiow only gently across the surface, then by blowing strongly and 
quickly across the surface of the glass, from the side, in the direction 
of tle streak, the particles of Paris green can be blown off the plate, 
leaving only the adulterants adhering to the glass. If they are pres- 
ent in large quantity they may then be seen as a dull streak by look- 
ing through the glass towards a bright window or a strong light. 
When the green is exceptionally pure the streak will be nearly im- 
perceptible to the naked eye. With the aid of a compound micro- 
scope the character of the adulterants may be determined. In per- 
forming this test, great care must be exercised in blowing across the 
glass. The blowing must be a quick, strong puff, otherwise mois- 
iure will be condensed and the particles of green will thus be retained 

‘on the glass along with the other material. 

3. Ammonia Test.—Pure Paris green is wholly soluble in am- 
monia. Place a small quantity, say a quarter or a third of a tea- 
spoonful in a tumbler or other glass vessel, and then pour on an 
ounce or two of common ammonia water. If after stirring for four 
or five minutes the solution has assumed a deep blue color, and re- 
mains perfectly clear, and after standing no residue settles to the 
bottom, the green iS reasonably pure at least. But if after stirring 
and allowing to stand an insoluble residue remains, the sample has 
been adulterated and should be discarded. This test will show the 
adulteration of the most fraudulent kind, the addition of a foreign 


*Bulletin 126, California Experiment Station, p. 12. 
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substance merely to make up bulk and weight; and any samples ex- 
hibiting such residue may be put down as fraudulently and wilfully 
adulterated. Unfortunately, this test does not show the presence of 
uncombined arsenious oxid, which is also soluble in ammonia, and 
which, although it has not been considered strictly an adulterant on 
the ground of its poisoning qualities, nevertheless its presence in 
large quantity is dangerous to the foliage and ought to be known. 

4. Microscope Test,—This test, unfortunately, within reach of only 
those in possession of a fairly good compound microscope, is one of 
the surest and quickest means of determining the grade of a sample 
of Paris green. The value of this test as a quick means of determin. 
ing the fitness of samples for further examination, and as an adjunct 
to chemical analysis, was early insisted upon by the California Sta- 
tion, and wherever this test can be performed it will prove of great 
value and assistance, if only as a preliminary survey to a chemical] 
analysis. 

Pure Paris green under a one-quarter or one-sixth inch objective is 
seen to consist of clean, green spheres, wholly separate and distinct 
from one another; and in a pure sample these are all that can be 
scen. Plate VI is a reproduced photo-micrograph of a high-grade 
sample. A low-grade sample will have something of the appearance 
shown in Plate VII. The clean, green spheres are in this case mixed 
with particles of a crystalline structure, varying in shape and size. 
The appearance of such a sample indicates the addition of free ar- 
seniousoxid put in to fill or make up a green low in combined arsenic. 
The pure green can in this case be as distinctly seen among the par- 
ticies of white arsenic under the microscope as “wheat can be dis- 
tinguished from dirt that might be mixed with it.”* When the white 
arsenic has been put in during the process of manufacture (as is some- 
times done) or results from careless manipulation during manufac- 
ture, it is much more difficult to detect it. In that case the white 
arsenic crystals are often seen sticking to the green balls themselves, 
giving them, on the whole, a rather irregular outline and causing 
them to cling together into masses instead of remaining separate and 
distinct from one another.* For this reason, therefore, a chemical 
analysis must be resorted to in order to determine these points with 
certainty. 

But there can be no mistake about the appearance of a wilfully 
adulterated sample. Plate VIII shows the appearance of such a 
sample under the microscope. In this case a great number of long, 
needle-shaped crystals are seen. They are the characteristic crystals 
of gypsum (calcium sulphate) and there can be no legitimate excuse 
whatever for their presence. These, together with the preponder- 
ance of the other irregular crystals and the almost total absence of 


*Bulletin 126, California Experiment Station, p. 14. 
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High-grade Paris green as seen under the microscope. 


PLATE VII. 
Low-grade Paris green as seen under ‘the microscope. 
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PLATE VIII. 


Bogus Paris green as seen under the microscope. 
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the clean, green balls, brand this compound as fraudulent, and it can- 
nut be named anything but “bogus,” although the package in which it 
was bought was labeled “Strictly Pure Paris Green.” 


Requirements of a Good Paris Green. 


The points which go to make a good Paris green have been sum- 
med up as follows:* 

“1. It should be a wholly dry and impalpable powder. Grittiness 
and caking are evidences of adulteration. 

“2. It should have a bright, light emerald-green color, which should 
not whiten or become dull in the streak left in passing a sample 
across a clean glass plate. 

“3. It should be entirely soluble in ammonia. Any residue is an 
adulterant. 

“4. Under the microscope it should be seen to contain only a trace 
of foreign matter, and should consist of clean, green spheres, wholly 
separate from one another. Aggregation into masses is evidence of 
careless manufacture. 

“These are all the points which can be readily determined. In ad- 
dition to the above, should be added the most important point, but 
one which can be determined only by a chemical analysis, viz: 

“5. Paris green should contain not less than fifty per cent. of ar- 
senious oxid, of which not more than four per cent. should be in the 
free state, or uncombined with copper.” 

Liffect of the Addition of Lime.—Lime is now being facent to the 
mixture of Paris green and water to lessen the injurious action of the 
uncombined arsenious oxid. This it does by combining with the 
soluble arsenic to form the insoluble arsenite of lime, which is fully 
as harmless as Paris green itself. This is true only up to a certain 
point, however. When the uncombined arsenic is present in large 
quantities the lime will do no good, and may even be harmful. It 
bas been showny that lime acts upon white arsenic in such a way 
when it is in suspension in water that the injurious action upon the 
foliage is greatly increased. 


Objections to the Use of Paris Green. 


The most serious objection to the use of Paris green as an insecti- 
cide, outside of the counts against it enumerated above, due to the 
shortcomings of the manufacturers, is the rapidity with which it 
settles in the spray tank. Paris green is a very heavy-grained sub 
stance, and therefore one requiring continuous effort to keep it in 
suspension. When the poison is used alone the water throughout 
the tank must be kept in motion. Merely creating a current around 


*Bulletin 68, Illinois Experiment Station, p. 175. 


fBulletin 10, Iowa Experiment Station, p. 411; also cited by Woodworth Bulletin 126, Cali- 
fornia Experiment Station, p. 12. 
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the pump will not suffice. The problem of sufficient agitation is thus 
rendered doubly important, for without more satisfactory agitating 
devices than those now in general use, it is extremely difficult to se- 
cure a uniform distribution of the poison. And without a uniform 

istribution of the poison perfectly satisfactory results are impos- 
sible: the first portion sprayed out of the tank will be too weak to 
do effective work, while the last portion will be strong enough to 
injure the leaves, or in case the agitator is very poor the bulk of the 
poison will remain on the bottom and sides of the spray tank. 

When Paris green is used in combination with Bordeaux mixture 
to form a combined insecticide and fungicide, the rapid-settling objec- 
tion to this otherwise valuable poison is very largely overcome. The 
grains of the green become mixed with the floccular precipitate of the 
Bordeaux mixture, and settle slowly with it. A few of the heavier 
or larger grains go straight to the bottom, as they all do when the 
poison is used alone, but the great majority remain in suspension 
with the Bordeaux mixture. 


SUBSTITUTES FOR Paris GREEN. 


The many failures resulting from the use of impure Paris green, 
and the prevalence of the low-grade qualities of the poison put upon 
the market, have led to the introduction of other insecticidal poisons 
for use as substitutes. These are practically all arsenites, and there- 
fore, like Paris green, have arsenic as their active poisonous prin- 
ciple. These poisons seem peculiarly virulent to insect life, and this 
fact, together with their usual insolubility in water, make them the 
most valuable class of compounds for this purpose. Some of these, 
notably the arsenite of lime (arsenic, sal-soda and lime mixture), the 
arsenate and arsenite of lead, are steadily growing in favor, especi- 
ally when home-made. These have been successfully used by a num- 
ber of growers and unless manufacturers of Paris green are more 
careful to supply a reliable and satisfactory article, it is safe to say 
these substitutes will largely supplant Paris green in the future. 
The home-made mixtures possess the additional advantage of being 
mutch lighter grained than Paris green, and therefore they can be 
kept in suspension very much more easily. This is especially true of 
the arsenate of lead, which, when freshly prepared, forms a milky 
precipitate which will remain in suspension for a long time without 
agitation. In addition, the lead compounds may be used very much 
stronger without danger to the foliage, a fact which makes them par- 
ticularly valuable for use on the foliage of the stone-fruits—notably 
peaches and plums—which are notoriously sensitive to sprays of all 
kinds. 


» 
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The chief argument urged against the use of home-made poisons is 
the trouble and labor of preparing them, the advantage of Paris 
green being that it is ready to use just as it comes from the store. 
But the addition of lime when using the latter alone has come to be 
generally recommended. ‘This really destroys the ready-to-use argu- 
ment in favor of Paris green. It is only a step further to prepare the 
home-made poison. Why not take this step? Thus preparing a 
mixture of known composition and avoiding all the uncertainties of 
the commercially prepared article. 

Several commercial substitutes for Paris green have been intro- 
duced, most of them as arsenoids, or arsenates of different deriva- 
tives. In general, it may be said of these that they are all open to 
the same objectionable uncertainties that Paris green is, and they 
may thus be put in the same catagory. The freshly prepared home- 
made mixtures are very much better as far as remaining in suspen- 
sion is concerned; for after the precipitate is dried it cannot be re- 
duced to a state of division equal to the floccules produced in the 
liquid. For this reason alone, then, the home-made Sa 
are preferable. 

A. number of preparations have been introduced under different 
patented trade names. Experience and examination have shown 
few, if any, of these possessed of exceptional virtues over the 
“straight” goods. As a rule, therefore, it is safest for the fruit- 
grower to give these special preparations a wide berth, unless their 
advertised recommendations are supported by the strongest evi- 
deuces of chemical examination, or the strictest practical trial that 
can possibly be given. 


BorDEAUX MIXTURE. 


This compound, discovered accidentally in France about twenty 
years ago, has become perhaps the most widely used spray mixture 
of any kind. Itis by far the most effective fungicide known, as many 
trials in all parts of the world have demonstrated. It consists essen- 
tially of copper hydroxid precipitated from a solution of copper sul- 
phate by caustic lime (calcium hydroxid). The copper is the active 
principle of the fungicide; that is, the effectiveness of the mixture in 
destroying a fungous disease, or preventing its development, is due 
wholly to the presence of the copper. Lime has been shown to pos- 
sess, at best, only very weak fungicidal properties. The lime used 
in the preparation of Bordeaux mixture may, therefore, be considered 
as merely an agent to convert the copper sulphate into a less injuri- 
ous copper compound. In the form of the sulphate, it is perhaps a 
more effective fungicide, but it is then so injurious to the foliage of 
growing trees and plants, unless used too dilute to be effective, that 
its conversion into an insoluble and therefore less injurious form, is 
necessary. It is for this purpose that the lime milk is used. 


518 ANNUAL REPORT OF THE Off. Doc. 


The materials composing Bordeaux mixture are both staple market 
articles, and in commerce are pure enough for all practical purposes. 
The sulphate is marketed both as large and small crystals, but for 
spruying purposes the small crystals are just as good as the large. 
The only adulteration which need possibly be feared is the admixture 
of iron sulphate—copperas. So far as known, however, copper sul- 
phate adulterated to any serious extent has never been found in 
the regular market. 

Lime is more variable. In some localities it is unavoidably pre- 
pared from a very poor class of rock. When such lime has to be 
used in making Bordeaux mixture more has to be put in than when a 
lime of good quality can be obtained. But the quantity of lime 
should never be gauged by measure alone, for it is so essential that 
enough be used “to neutralize” all of the copper sulphate, that the 
mixture should be tested with either of the two simple tests at com- 
mand to determine this point with certainty. A solution of 
potassium ferrocyanide, yellow prussiate of potash (1 oz. dis- 
solved in about a pint of water), is perhaps the most conveni- 
ent test for determining the presence of sufficient lime. A 
few drops of this solution added to a mixture containing 
insufficient lime will produce a reddish brown discoloration, 
while when sufficient lime has been added no discoloration 
will result. In making this test it is best to dip out a small 
quantity in a white saucer or shallow dish. Any slight discoloration 
will then be readily seen against the white dish, which would not 
be visible if the test were made by pouring the ferryocyanide solution 
into the spray tank. The mixture should be thoroughly stirred be- 
fore applying the test, and in order to be certain that it is, it is also 
best to make two tests, giving a vigorous stirring between them. 
The writer has sometimes found the second test to be different from 
the first. When the two are alike it is safe to presume that enough 
lime has been used. In using the ferrocyanide it must not be for- 
gotten that it is a virulent poison. The utmost care is therefore nec- 
essary in having the bottle properly labeled and out of reach of chil- 
drer und careless persons. When large quantities of stock solutions 
are made up one test will suffice for the whole amount on hand. That 
is, the one test will indicate the proper proportion of lime to use for 
the total quantities of stock solutions prepared. Another excelleut 
method is “to standardize” the lime milk with the copper sulphate so- 
lution by making a small quantity of test mixture. The method of 
making this test and standardizing as given by the writer in Bulletin 
68 of the Illinois Experiment Station is as follows: 

“Make up the stock solution of copper sulphate as usual, one 
pound per gallon of water. Slake the lime, making of it a thin paste. 
Now take one pint of the copper sulphate stock solution, dilute to 
about a gallon, and add to that small measured quantities of the 


PLATE IX. 


Properly and improperly made Bordeaux Mixture, after settling twenty minutes. 
(From Bulletin 68 of the Ill. Exp’t. Station.) 


PLATE X. 


Properly and improperly made Bordeaux Mixture, after settling one hour} 
(From Bulletin 68 of the Ill. Exp’t. Station.) 
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lime, testing after each addition, until the sulphate has all been neu 
tralized. From the quantity of lime thus used the necessary dilu- 
tion can be calculated to make the lime milk any desired strength. 
The proportion of water necessary to make the proper dilution will 
be equal to the difference between the required strength and the 
quantity of lime milk used to neutralize the sulphate, expressed in 
fractions of that strength. Thus, if one-half pint is used in the 
neutralization, and if it is desired to have the lime of the same 
streugth as the sulphate solution, it will require one-half pint of 
water for each one-half pint of lime milk; therefore, the total quan- 
tity of the latter will simply have to be doubled, by adding an equal 
quantity of water. If only one-quarter pint was necessary to ac- 
comiplish the neutralization, the total would have to be quadrupled, 
or three times the quantity of water added. In large-scale opera- 
tious this standardizing of the lime milk will be found very advanta- 
geous, especially where the mixing is not ali done by the same man. 
In this case, the standardizing can be done by the foreman, or head 
operator, and then the spray crews have simple, straight measuring 
to do.” 

Another very simple test for deterntining the sufficiency of lime is 
the so-called knife-blade test. This test consists of simply placing 
the end of a bright knife-blade, key or other steel object in the mix- 
ture. If too little lime has been used in the mixture the bright steel 
will be coated with metallic copper, or copper-plated, while if enough 
lime is present to combine with all the copper sulphate no such plat- | 
ing will take place. The making of these tests are important; for it 
must be emphasized that there must be no free copper sulphate in the 
completed Bordeaux mixture. In order to be absolutely certain of 
this it is best to use an excess of lime milk, which does no harm. In 
fact, for use on tender foliage, such as peaches and Japanese plums, 
it is necessary to prepare the mixture with a large excess of lime 
milk in order to avoid injury. 

Bordeaux mixture belongs to the class of spray washes which con- 
sist of insoluble substances in suspension in water. All the pre- 
cautions, then, mentioned before regarding this class of mixtures 
are applicable and must be observed. But in this case a good deal of 
the difficulty in maintaining the compound in suspension may be 
avoided in the preparation of the fungicide. That is, it is possible so 
to mix the two ingredients that the resulting precipitate will settle 
slowly, and may thus be kept in suspension with a minimum effort 
of agitation. Plates IX and X exhibit the effects of different 
methods of preparing Bordeaux. The photographs were taken after 
allowing the mixtures to settle twenty minutes and one hour respec- 
tively. The mixture in the left-hand cylinder was prepared by mix- 
ing dilute copper sulphate solution and dilute lime milk together. 
The right-hand mixture was made by mixing the concentrated solu- 
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tions together, and then diluting. That is, the diluting was done 
before mixing in one case; in the other, after mixing. The vast dif- 
ferences in the rates of settling are well shown by the pictures. In 
the properly prepared mixture there was practically no settling at 
the end of twenty minutes, while the improper preparation gave a 
_ mixture which settled approximately one-third of the total column in 
the same time, as shown by the clear liquid above the sediment. At 
the end of one hour the properly prepared Bordeaux showed less 
than an inch of clear liquid on top, indicating only a slight settling; 
the improperly prepared showed nearly two-thirds of the column 
clear. The importance of these differences in practice are at once 
apparent. A mixture such as that in the left-hand cylinder does not 
need continuous agitation; simply stirring thoroughly every five or 
ten minutes, or a few turns of a separate agitator while moving from 
one tree to another, will be amply sufficient. For the mixture pre- 
pared in the other way, continuous agitation would be necessary to 
insure a uniform distribution of the remedy. 

Moreover, the compound formed when the concentrated solutions 
are mixed is without doubt different in its chemical make-up, and in 
all probability has not the same fungicidal value as has that made 
with the diluted solutions. Just how this is, however, has not been 
fully worked out. From the standpoint of its physical properties | 
alone, the heavy flaky—‘curdled’”—precipitate is less effective as a 
fungicide. In the first place it cannot be so easily applied; in the 
se: ond, the flakes do not adhere so well, and in the third the coating 
of the mixture will not be as complete as when the precipitate is 
finer grained. 

Bordeaux mixture should never be made with hot solutions. This 
applies especially where the copper sulphate is dissolved in hot water, 
or when freshly slaked lime is used. The writer has found that the 
mixture made with cold solutions is even very much better than 
when only moderately warm. Thus, for instance, quite a marked 
difference was observed when the solutions were mixed at 60 degrees 
(F.) and at 80 degrees (F.). The 60-degree solutions gave a mixture 
with very much better “staying-up” qualities than the 80-degree. 
When the hot solutions are mixed a different precipitate is formed, 
the dehydrated or anhydrous black copper oxid. This precipitate 
settles very rapidly, and upon that score alone, is to be avoided. 

Nothing but fresh or quick lime should be used. ‘Air-slaked lime 
is very unsatisfactory and should never be used. It yields a mixture 
which settles rapidly, and which is, moreover, mixed with heavier 
particles of carbonate of lime. The compound is, therefore, quite 
different from the properly prepared Bordeaux mixture. The lime 
should be carefully slaked by adding to it just enough water to keep 
it moistened and prevent it from “burning.” If the slaking is care- 
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fully done and the lime is of good quality, a smooth paste with very 
little grit will be formed. The lime paste may be made in quantity 
and kept during the entire season if care is used to keep it covered 
with water or means used to prevent it from drying out. If it is 
allowed to become dry, it will not work up smooth, and a lumpy, 
gritty milk will result. 

The question has often been asked whether it makes any difference 
whether the lime or the sulphate is first put into the tank; that is, if it 
makes any difference whether the lime is poured into the copper 
sulphate or vice versa. Investigations at the Vermont Station* have 
shown that Bordeaux mixture prepared by pouring dilute copper 
sulphate solution into dilute lime milk, stirring vigorously all the 
while, or by pouring the solutions together into the tank, remains in 
suspension better than that made by pouring the lime into the sul- 
phate solution. The results of the work done at that station tend 
to show also that the Bordeaux so prepared possessed better fun- 
gicidal properties when used upon potatoes. 

Bordeaux mixture should be used only while fresh. If allowed to 
stand for some time—say from one day to another—the precipitate 
changes in such a way that it will not remain long in suspension. 
This increases the difficulties of agitation. It is probable also that 
the fungicidal value of old Bordeaux mixture is different from that 
freshly prepared. But the rapid settling seems to be the most serious 
cbjection. Lodemany cites a case in his experience where Bordeaux 
mixture several weeks old was successfully used on apple trees by 
using extra precaution to keep the precipitate in suspension. All 
other experience seems to indicate, however, that the freshly pre- 
pared mixture is by far the most effective. 


Mrixine Ovurtrirs. 


Where a large quantity of Bordeaux mixture is prepared a special 
mixing outfit will greatly facilitate the work and will be found well 
worth the expense of constructing it. 

The most successful of these outfits in operation consist of a system 
of elevated tanks, so placed that the solutions may be run into a 
third tank to form the mixture, and from the last into the spray tank. 
For this purpose a series of tiers of three platforms, each higher than 
the other, should be constructed. On the top one should be placed 
the barrels holding the stock solution of copper sulphate and lime 
nulk. On the second platform should be placed two diluting tanks, 
cach with a capacity of a little more than one-half the total quan- 
lity of Bordeaux to be prepared at one time. On the lowest plat- 
form the mixing tank is to be placed. This tank should be large 
enough to hold a full charge of mixture for the size of tanks used. 


*Vermont Agricultural Experiment Station, 9th Annual Report, 189, pp. 88-38. 
The Spraying of Plants, p. 132. 
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If water under pressure is available, all the better; if not, a pump 
threwing at least a two and one-half inch stream should be provided 
to reise the water to the highest tanks. In using such a system the 
mode of procedure would be somewhat as follows: The lime is first 
slaked, best perhaps on the ground in a box for the purpose. In the 
upper barrels the stock solutions are made to the required strength. 
From these the proper quantities are run into the diluting tanks be- 
low. Then water is pumped in to dilute the two solutions each to 
about one-half the total quantity to be made. After thorough stir- 
ring, these are in turn run into the mixing tank through cocks so 
placed that the streams of copper sulphate and lime come together 
as they fall into the tank. After thorough stirring and testing the 
mixture is ready to be run into the spray tank. Of course, the low- 
est tank should be placed somewhat higher than the spray tank to 
allow the completed mixture to be conveniently run in.* 

Before closing this discussion of the preparation and use of Bor- 
deaux mixture, it is well to call attention to a few minor details, 
which, though apparently of little consequence, go far to lessen the 
drudgery of spray work, and to that extent at least assist in securing 
good results. 

In the first place, the lime milk should be carefully strained. The 
writer fully realizes that it is no easy task to strain large quantities 
of milk of lime; but he is at the same time convinced that some con- 
siderable effort in this direction will be found well expended and 
may save much vexatious clogging of the nozzles. The strainer 
should have not fewer than twenty meshes to the inch, and should be 
of brass wire. (Iron would be quickly corroded by the copper.) 
The strainer should also be made as large as possible—large enough 
to fit over the entire head of an open barrel. If the straining sur- 
face is thus made large, the straining will be comparatively easy and 
rapid. For extra safety the completed mixture may be strained as 
it is run into the tank. 

When the spray tanks, barrels, pump and apparatus are to stand 
unused for a time, they should be thoroughly cleaned by washing 
and running through a few gallons of cheap vinegar to remove all 
clinging particles of Bordeaux mixture. If these particles are al- 
lowed to remain and dry, they form scales which become loosened 
the next time the apparatus is used, and cause most vexatious and 
discouraging delays. 


AMMONIACAL COPPER CARBONATE SOLUTION. 
This spraying compound ranks very high as a fungicide, being sur- 
passed in effectiveness only by Bordeaux mixture. It is particularly 
valuable for use when late applications have to be made, where the 


*For a more detailed account of a mixing outfit successfully used in a large apple orchard, 
ses Bulletin 68 of the Illinois Experiment Station, page 18L 
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stain left by Bordeaux mixture would be objectionable. The solu- 
tion when properly prepared is perfectly clear and of a very light 
bluc color, which, however, is practically invisible after it has dried 
upon the leaves or fruit. For the very late spraying of peaches and 
plums against the brown ripe rot it is especially valuable. 

The materials for preparing the solution are copper carbonate 
powder and commercial ammonia. The first needs no comment, for 
it has not been found adulterated so far as 
known. If one cares to take the trouble, how- 
ever, the powder can be prepared at home at 
about one-third the cost of the commercial arti- 
cle. The following method of preparing the 
chemical has been given by Chester in the 
Annual Report of U.S. Com. Agric. for 1890.* 

“Dissolve in a barrel twenty-five pounds of 
copper sulphate in hot water. In another bar- 
rel dissolve thirty pounds of sal-soda. Allow 
both solutions to cool; then slowly pour the 
solution of sal-soda into the copper sulphate 
solution, stirring the same. Fill the barrel 
with water and allow the precipitate of copper 
carbonate to settle. Upon the following day 
siphon off the clear supernatant liquid, which 
contains most of the injurious sodium sulphate 
in solution. Fill the barrel again with water, 
and stir the precipitate vigorously into sus- 
pension; again allow the precipitate to settle, 
and again on the following day draw off the 
clear liquid. The operation washes the carbo- 
nate free of most of the sodium sulphate which 
contaminates it. Make a filter of stout muslin 
by tacking the same to a square wooden 
frame which will just fit over the open top of 
the second barrel, letting the muslin hang 
down loosely so as to form a sack; through 
this filter pass the precipitate, so as to drain 
off the excess of water,and as the filter fills, re- 
move the precipitate and allow it to dry in the 
air, when it is ready for use. The operation is 
not troublesome, and can be carried on in con- 
S Nection with) other work, =.2.-. soarsaer By 
4 using the above amounts of material there will 
be formed a trifle over twelve pounds of cop- 
FIG. 4.7 per carbonate.” 


*Cited by Lodeman, ‘‘The Spraying of Plants,’’ p. 187. 
jFrom Bulletin 68 of the Illinois Experiment Station. 
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The ammonia water used for preparing the copper carbonate solu- 
lior; should be of the strength designated as “26 degrees Beaume,” 
the ordinary commercial product. Of adulteration, there is little to 
fear. Sometimes, however, it is weak, owing to the escape of the 
gas from the solution (it is simply a solution of ammonia gas in 
water) when the vessels containing it are not tightly closed. When 
up to full strength the 26-degree ammonia contains about 25 per cent. 
of the gas, and it is upon this strength that the quantity recom- 
mended in the formula for preparing the solution is based. It should 
be borne in mind, however, that no more ammonia should be used 
than is actually necessary to dissolve the copper carbonate; the 
smaller the quantity, the better. Ammonia has an extremely caustic 
action upon the leaves and when used too strong serious injury is 
sure to follow. For this reason it is safest for those who make use 
of the copper carbonate solution to any great extent to provide them- 
selves with a “specific gravity spindle” for testing the ammonia they 
intend to use. Fig. 4 represents such an instrument in use. A tall 
cylinder, such as shown in the drawing, is filled with the ammonia 
water to be tested. The spindle is then allowed to float in the 
liquid. The depth to which the bulb will sink will depend upon the 
dcasity of the liquid. The upper stem of the spindle is graduated 
to show the specific gravities indicated by the different depths to 
which the bulb sinks in the liquid to be tested. The figure at the 
surface indicates the specific gravity, or relative density as compared 
wth water, of the ammonia water being tested. The specific gravity 
in turn indicates the percentage of ammonia, which can be found by 
reference to the appended table. For example, if the spindle indi- 
cates a specific gravity of .902, by reference to the column “specific 
gravity” the figure opposite in the “Per cent.of Ammonia” column is 
found to be 24.94, thus indicating that the ammonia water is prac- 
tically up to strength. If the ammonia is stronger, less will be re- 
quired to accomplish the solution; if weaker, more must be used. 
With this test, the fruit grower is enabled to determine just what 
strength of ammonia he has to deal with, and thus all dangerous 
guess-work can be avoided. 
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*TABLE SHOWING PERCENTAGES OF AMMONIA IN SOLUTIONS OF THE GAS IN 
WATER, AS INDICATED BY THEIR SPECIFIC GRAVITIES. 


| | 


LS S 2 S 2 S 
> n > 3 
é od Fe ia & +s 
58 : $8 : g§ 
° ° q 
= oa S sere = “8 
2 =H 2 al > & 
oa os on 
Ee Qa Es iy an & 
| 
-960 9.51 -932 16.81 -904 24.39 
.958 10.03 .930 17.34 902 24.94 
-956 10.54 .928 17.86 900 25.50 
954 11.07 .926 18.42 -898 26.05 
952 11.59 924 18.93 896 26.60 
950 12.10 922 19.67 894 27.15 
948 12.62 920 20.01 892 27.70 
946 13.13 .918 20.56 -8390 28.26 
944 13.65 916 21.09 -888 28.86 
942 14.17 | 914 | 21.63 .886 29.46 
940 14.69 912 22.19 884 30.14 
.938 15.21 -910 22.74 882 30.83 
-936 15.74 .908 23.29 
934 16.27 | 906 23.83 


jBeaume 16° indicates .960 sp. 
Beaume 20° indicates .960 sp. 
- Beaume 22° indicates .924 sp. 
Beaume 24° indicates .913 sp. 
Beaume 26° indicates .901 sp. 


SaAa8 


If possible, nothing but rain water should be used in diluting the 
amunicnia for the solution. When ammonia is added to well or spring 
water, a heavy floccular precipitate is apt to be formed, which must 
not be mistaken for undissolved particles of copper carbonate. The 
latter are easily distinguishable, being light greenish blue in color 
and somewhat fiaky, while the precipitate from the water is formed 
in rather large, dark floccules. These floccules do no harm. The 
danger lies in mistaking them for the undissolved carbonate and 
adding enough ammonia to bring them into solution, which requires 
far more than plants will endure. 

The solution must be made in wooden or earthen vessels and 
wooden stirring implements should be used. Iron vessels would be 
soo1 corroded by the action of the copper. 


*Compiled from the Table of Lunge und Wernik, cited by Caldwell: ‘‘Elements of Chemical 
Analysis,’’ page 173. 
jLodeman: ‘‘The Spraying of Plants,’’ page 116. 
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No. 6. DEPARTMENT OF AGRICULTURE. 


INSECTS INJURIOUS TO CUCURBITACEOUS 
PLANTS. 


BY H. A. SURFACE, Professor of Zoology, Penna. State College. 


CUCURBITACEOUS PLANTS. 


By the above term is meant those plants that belong to the botani- 
cal family Cucurbitacew. Although they are all vining plants, one 
could not give them the common name of “The Vining Plants,” be- 
cause such a term would apply as well to sweet potatoes, grapes, etc. 
Belonging to this family.are the following: Watermelon and citron, 
muskmelon or cantaloupe, cucumber, squash, gourd, cashaw, pump- 
kin,, ete. 

The citron is but 4 variety of watermelon that is used for preserv- 
ing, as regular citrons of commerce are preserved. Muskmellons 
and cantaloupes are identical, although some persons have attempt- 
ed to indicate differences. 


INSECTS. 


GENERAL REMARKS ON INSECTS. 

Since the insects that attack one species of these plants are found 
more or less injurious to all of the family, we shall not make a sepa- 
rate list of species of insects for each kind of plant, but shall discuss 
them in their’ consecutive entomological order. We refer for the 
practical measures of each to the separate discussions of preventives 
and remedies given in the latter part of the bulletin. 


CLASSIFICATION. 

In order to understand the principles of the classifications, life 
histories, and remedies given later, it is necessary to bear in mind 
the following fundamental facts concerning insects: 

The class of insects (/nsecta) is divided into large groups called 
Orders, and the latter are in turn divided into smaller groups, each 
called a Family. Families contain yet smaller groups called Genera 
and the final division of the latter is Species. The scientific name of 
an insect is the name of its genus and species written in the order here 
indicated. The classification of an insect is its order, family, genus 
and species. In the following pages we have expressed the classifi- 

a2 
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cations of the insects to be treated by naming the order and family 
and giving the scientific name of each. 

Orders and families are founded upon certain common important 
structures, the more potent and general of which characterize all 
insects belonging to the major group. There are nineteen orders 
known to modern entomologists, but the insects treated in this 
article represent only five of these. 


STAGES IN LIFE HISTORY OF INSECTS. 


Insects undergo transformations called metamorphoses. In their 
life cycle they exist in certain forms called stages. ‘Those treated in 
this bulletin have either three or four stages, according to their kind 
of metamorphosis. It may be “Incomplete,” in which the insect 
has but three stages: (1) The egg, (2) nymph or immature, and (8) 
imago or adult. (See Fig, 1.) In this group the young resemble the 
adult in form and generally in habits, lacking only the wings. There 
is no worm-like existence and no pupal or quiescent stage. The 
squash bugs and grasshoppers are good examples of insects with 
incomplete metamorphosis. The young are called nymphs. 

The representatives of the next group, or those with complete meta- 
morphosis, pass through four stages: (1) The egg, (2) the larva, or 
worm-like stage, (3) the pupa or resting stage, and (4) the imago, 
adult or mature insect. (See Fig. 2.) The young are called “larvae” 
and do not at all resemble the adults. They are popularly known as 
“worms,” but this common name should not be given them, since 
worms are independent creatures that do not transform into any other 
form or stage. (Example, the earthworm). 

Insects grow only in the nymph or larval stages. They do not 
become larger after having once reached the adult or winged stage. 
They live in the latter condition but a few days or weeks, mate, lay 
their eggs and then die. 

Some adult insects do not eat; others, like the butterflies, only 
sip a little nectar and do not have feeding habits similar to their 
young. Others, like the squash bugs and cucumber beetles, eat the 
same kind of food as do their nymphs or larvee. 

The feeding habits of insects is a fundamental feature in applying 
insecticides. Some have biting mouth-parts with strong jaws and 
chew the leaves or tissues of the plant. (Examples, caterpillars, 
beetles, etc.) These insects that chew can nearly always be killed by 
poisons, which are to be taken internally, among which the arsenites 
are prominent, and Paris green is the most valuable. (See Insecti- 
cides, A.) The insects that do not chew their food have piercing 
mouth-parts, as has the squash bug. (See Fig. 3.) As they are suc- 
torial and do not suck before the bill is inserted, they are not affected 
by poison lying on the leaf. They must be killed by contact applica- 
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tions (See Insecticides, B.), which kill by entering the breathing 
pores, but not the mouth. 


THE SPECIES OF INSECTS. 


ORDER PHYSOPODA: Family Thripdzw: Thrips. (Fig. 4.) 
Tobacco Thrips or Onion Thrips ( ZArips tabaci). 


The Thrips are among the most minute of insects. Their mouth- 
_parts are fitted partially for sucking and partially for biting, but 
mostly the former. They do not eat away the tissues of the plant, 
but pierce the leaves and cause small white specks which may become 
so abundant as to give the plant a grayish appearance. These in- 
sects are from one-sixteenth to one-fortieth of an inch long and 
about one-fifth as wide. They are dark in color and have four very 
minute wings fringed with long hairs which increase their surface 
area and flying capacity. When disturbed they suddenly disappear 
by jumps or short flight. 

This species has been reported feeding on sixteen species of plants, 
besides on melons, squash and cucumbers; mostly on onions and 
cabbage, where they are at times very destructive. 

Their habit of sudden jumping flight gives the key to the remedy 
for them, which is Mechanical Device No. 3. They will fly down 
the wind and be carried against the tarred cloth or board held in 
their path of flight to the leeward. They can of course be killed by 
contact applications; also by Mechanical Device No. 3 and by in- 
secticides 6 to 12. 


ORDER HEMIPTERA: The True Bugs, Plant Lice, Scale Insects, 
Kte. 


FAMILY COREIDA#: The Squash Bugs. (Fig. 5.) 
The Squash Bug or “Stink Bug” (Anasa tristis). 


The squash bug is about five-eighths of an inch long and one- 
fourth of an inch wide, with antenne half the length of the body. 
The head is dusky, nearly black; thorax or part to which the wings 
are attached, dark brown; scutellum or triangular piece between the 
wings, dusky; sides of abdomen or posterior part banded with six 
yellowish bands; upper wings dark and brown or grayish at basal 
half and sooty black toward the tips, which are thinner; the under 
wings are smaller and very thin and gauze-like toward the base and 


532 ANNUAL REPORT OF THE Off. Doc. 


dark toward the tips. The legs are long and slender, the hinder pair 
weasuring half of an inch in length. The suctorial beak is very long 
(one-fourth inch), sharp and slender, and reaches back on the ventral 
side to the base of the hinder pair of legs. (See the upper specimens 
of Fig. 5.) 

The nymphs are much broader in proportion to length than are the 
adults. The adults of these insects fly readily by day and are not 
attracted to lamp traps at night. 

This common and well-known insect is the most destructive of the 
pests infecting Cuburbits toward the middle and latter part of the 
summer. It appears about the last of June and is found on the vines 
or fruit until after frost comes. ‘The first one found by us was on a 
plant just about sprouted, on the 15th of June. They feed on all 
Cucurbits, by sucking out the juice of the plant. According to the 
habit of many other bugs, they inject a poisonous saliva into the 
plant and this turns the leaves dark in spots and causes them to 
wither, crumple and soon turn brown. (Fig. 6.) 

They are social insects, living in groups under the crumpled leaves 
and under or sometimes upon the large leaves that lie on the ground. 
(Fig. 7.) The first mating occurs in the latter part of June and 
the first eggs are deposited in the early part of July. The eggs are 
large, oval and at first are white and adhesive. They gradually be- 
come cream colored, reddish brown, and wine red; later they become 
bronze red, and shortly before hatching are nearly black. They are 
deposited in diagonal rows in irregular-shaped patches, generally be- 
neath the leaves, but sometimes above. (Fig. 8.) The distance be- 
tween them is equal to one-half the width of the tip of the abdomen 
of the female. They are very conspicuous and can readily be de- 
tected for the remedies given below. The number in a patch varies 
from a very few to over fifty. They hatch in from ten to sixteen 
days, according to temperature, hatching sooner when the weather is 
warmer. They are so plainly seen that they can readily be de- 
stroyed. They adhere too firmly to be easily picked off, and we have 
found that they can be painted with a touch of pitch and killed. 
Painting with pure kerosene does not always prevent their hatching. 

The very young bugs are very brightly colored. Their bodies are 
light green and their legs and antenne are bright red. Within an 
hour the appendages turn dark and become black. The young bugs 
live in groups (Fig 9) and moult several times. They finally obtain 
wing pads and the next moult they have wings and are adult. After 
the final moult they are at first white, but in a few minutes become 
dingy brown, then darker, and in a few hours grayish. Soon they 
pair and the females afterwards lay from one hundred and fifty to 
three hundred eggs. A second laying of eggs often ensues and thus 
the second brood may appear. They have the same appearance and 
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habits as the first brood. In the northern part of the United States 
there is but one brood. When the weather is cool they go under 
cover for protection, and come out into the sunshine to be warmed. 
(Fig. 10.) At night they seek the cover of a leaf, the under side of 
a board, ete. (See Fig. 44.) This habit leads them to their destruc- 
tion where board traps are used. (See Mechanical Device No. 4.) 

In the fall of the year the insects are quite likely to collect on the 
green fruits of the vine and suck juices from them after they can no 
longer derive any from the leaves. This is the time that they should 
especially be killed by kerosene spray or sprinkling to prevent their 
scattering and living through the winter to become the progenitors of 
of next year’s pests. 

As the broods are not sharply separated, but some individuals lay 
early and others lay later and the laying and hatching continues 
throughout the season, all stages can be found at one time, and there 
is the appearance of continuous breeding. (Fig. 11.) 

The winter is passed in hibernation in the adult stage, sometimes 
far away from the places where the infested plants grew. They 
hibernate in woods, along fences, in rubbish, under boards, espe- 
cially in lumber piles, in grass, sod, etc. On account of their offen- 
sive odor they have no conspicuous vertebrate enemies, such as 
snakes, toads, birds or skunks, as have many other species of insects, 
but they are greatly infested with the larvze of parasitic flies 
(Tachina). When the bugs become abundant, as in the summer of 
1901, these parasitic flies multiply in the first brood and become so 
numerous in the second brood as to materially reduce the number of. 
adults going into hibernation. In fact last fall we could not find one 
adult that did not have upon its body one or more eggs or parasites 
(Fig. 12) and under or near these empty egg shells there could be 
found the tiny hole where a young fly larva had bored into the interior 
of its host. Owing to this fact we then predicted that there would 
be but few squash bugs during the season of 1902, and this prediction 
was fulfilled to a remarkable degree. : 


REMEDIES. 


Since these are sucking insects and do not bite the plants, they 
cannot be killed by poisons. The only remedies that can be effect- 
ively employed against them are clean farming, hand-picking, me- 
chanical contrivances (Nos. 1, 2 and 4, described later), contact sprays 
and painting the eggs with something like pitch to destroy them. 

To prevent next year’s brood it is important that the vines be de- 
stroyed and the green fruits be removed just as early as possible in 
the fall. If this were universally done there would be no bugs of 
the second brood coming to maturity. 
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ORDER HEMIPTERA: The True Bugs, Plant Lice, Scales, Ete. 


FAMILY APHIDID®; The Aphids. 


The Melon Louse (Apj/is gossypiz), and The Cucumber Louse (Aphis 
cucumerts). 


The Melon Aphids are very small, greenish insects with globose 
bodies not an eighth of an inch long. Some of the adults are wing- 
less and some are winged. As they belong to Hemiptera they agree 
with all insects of this large order (excepting the male scale bugs) 
in having only the three stages in their life history: Egg, nymph and 
adult. Yet the plant lice are parthenogenetic or give birth to suc- 
ceeding generations of living young without mating for each genera- 
tion. When winged there are two wings on each side of the body. 
These are long and delicate and so close together that they would be 
taken for a single pair. All plant lice are suctorial, feeding by suck- 
ing out the juices of the plant. They live mostly on the young leaves, 
terminal buds, and the unopened flowers, where their damage is 
greatest. (See Fig. 13.) Their effect is to check the growth and dis- 
tort and crumple the leaves. The two species named above are so 
nearly alike in appearance and effects that no difference is to be made 
in this treatise. They feed on dozens of different kinds of plants, cul- 
tivated and uncultivated, and they are therefore quite difficult to ex- 
terminate. 

They have probably more natural enemies than have any other 
kind of insects. Among these are many insectivorous insects, such 
as lady bugs or lady beetles, Syrphus fly larvee (Fig. 14), minute wasp- 
like internal parasites, the Aphis Lion or larva of the Lace-wing, ete. 
(Figs. 15, 16, 17.) They are also the common food of most small in- 
sectivorous birds, and are killed in great numbers by a fungus. 

They may prove serious at times if no efforts are made to prevent 
them, but if taken early enough in the season they are easily held in 
check by Mechanical Devices Nos. 2 and 3; Farm Practice Nea, 2, 3 
and 4; insecticides Nos. 6, 7, 8, 9, 10, 11, 12 (a and b), and 15. 


ORDER LEPIDOPTERA: Moths, Skippers and Butterflies. 
FAMILY PYRAUSTIDA; The Pyraustids. 
The Pickle Moth (#ndioptis nitidalis) (Fig. 18.) 


The larva of this moth bores into the fruits of squashes, melons, 
cucumbers and cushaws, feeding on the fleshy pulp, causing it to de- 
cay. It is quite a pretty brown and yellow insect called “the pickle 
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moth, because the caterpillar has the habit of feeding upon the cu- 
cumber, boring into and destroying it when about half grown. It is 
more common in the western States, and no satisfactory recommen- 
dations for its control have yet been made.’—(Smith). 

This insect has not yet found its way to Pennsylvania, bu. £ it does 
it can probably be successfully combatted by spraying in tiv.e with 
the arsenites (Insecticides, 1-5) before the ‘““‘worm” enters the fruits. 
This is to kill it when it commences to feed just as we now success- 
fully contend with the Codling Moth by the same means and upon 
the same principles. 


ORDER LEPIDOPTERA: The Moths, Skippers and Butterflies. 
FAMILY PYRAUSTID#; The Pyraustids. 
The Melon-worm (Margaronia hyalinata). (Fig. 19.) 


The melon-worm is another pest of the southern and southwest- 
ern States that is not yet common in Pennsylvania. It destroys the 
leaves of the water-melon and the leaves and fruit of the musk-melon. 
It is a light yellowish green caterpillar about an inch long. 

For all such biting insects the standard remedy would be the ar- 
senites, especially Paris green, No. 1, applied as soon as the first signs 
of the insect occur and continued weekly for three or four weeks. 


ORDER LEPIDOPTERA: Moths, Skippers and Butterflies. 


FAMILY SESIID@: The Clear-wings. 
The Squash-borer (J/e/ittia ceto). Figs. 20 aand 20 4.) 


The insect or so-called ‘“‘worm” that bores in the stem of the 
squash, pumpkin and some other Cucurbits is the larva of a moth 
that is called “a Clear-wing,”’ because it has a space in its wing that 
is clear and not covered with scales. The adult or moth measures 
over an inch in extent of wings from tip to tip, and has the front 
wings covered with dark green scales. There is a conspicuous tuft 
of red, white and black hairs on each hind leg which is characteristic 
end renders this moth easily determined. 

It flies by day, as do all clear wings, and at night remains quiet 
on the leaves of the plant its larve infest. On this account it is 
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easily found and killed by using lanterns at night. It does not fly 
into lamp traps. In its flight it resembles a wasp. 

The moth passes the winter in the ground and appears in this lati- 
tude about the last of June. 

It lays its eggs singly, either on the vine or on the stalks or petioles 
ot the leaves. The favorite place is toward the base of the vine. We 
have found many at the top of the leaf stem. (Figs. 21, 22.) When 
the larva hatches it eats into the interior of the vine or of the hollow 
leaf stem and follows the latter down and enters the vine. The small 
hole that it makes can be seen and generally fine borings or dust (ex- 
creta) can be seen at this hole. Their presence in the vine can first 
be detected by the presence of the dust at the small hole. 

Because it is an internal feeder it cannot be killed by an insecti- 
cide. It should be cut out with a sharp knife, cutting lengthwise of 
the vine, and dust rubbed on the wound to facilitate healing. The 
vine should be covered at intervals of a few feet with damp earth 
over the base of the leaves that roots can be formed there. After 
the new roots are formed the vine will continue to grow even though 
it may be entirely cut off at its base. We have grown good crops 
on plants treated in this way. (Figs. 23 and 24.) 

Another method is to plant summer varieties of squash to become 
large and receive the eggs and larve; then after the winter varieties 
(Hubbards and Marrowfats) are starting, gather the early fruits 
from the trap crops and destroy the vines by burning. 

Mechanical protection from squash borers is not possible because 
they attack the vines after the latter are too large to be covered by 
netting advantageously. Pumpkin vines are commonly infested and 
should be burned as soon as the crop is gathered or when found dying. 
(Farm Practice, No. 2.) 


ORDER COLEOPTERA: The Beetles. 


FAMILY COCCINELLIDA: The Lady-bugs, Lady-birds or Lady-beetles. 
The Herbivorous Lady-bugs (“pilachna borealis). 


The adult beetles of this species are large hemispherical, yellow 
with black spots. The larve are also yellow, elongate, oval, with 
long branched spines. ‘#pclachna borea vs is the northern and east- 
ern species, attacking cucumber, melon and similar vines, while 
E. corrupta.is found in the southwest, injuring beans. A curious 
feature in &. borealis is the manner in which the adult works out a 
circle at the edge of a leaf and feeds within it until all usable ma- 


ral 

Fig. 1. Three stages of the Squash Bug 
(Anasa tristis), (a) adult, (b) nymph, (c) egg, 
x2. Drawn by E. L. Westlake, from a photo- 
graph by the author. (Reduced.) 


Fig. 2. The four stages of the Striped Cu- 
cumber Beetle (Diabrotica vittata), magnified 
five diameters; a. Eggs; b. Larva; c. Pupa; 
d. Imago. } 


Fig. 3. Illustration of Insects with Sucking 
Mouth-parts. Beak ‘partially extended. (Reduced.) 


Fig. 4. Different Species of 
Thrips, five times natural size. 
The one at the upper left corner 
is anymph without wing-pads. 


Fig.5. Adult Squash Bugs (Anasa 
tristis), natural size. Dorsal or upper 
side shown by the two below; ventral or 
under side shown by the two above. 
The two at the reader’s left are males, 
and the two at the right are females. 


Fig. 6. Squash Leaf Crumpled, showing effects of Squash Bugs. 
The colony of bugs living within its folds could not be entirely exter- 
minated by spraying with kerosene. The best treatment for sucha 
leaf is to carefully cut it off and either crush it under one’s foot on the 
ground or drop it into a vessel containing kerosene on water. 


— | 


Fig. 7. A colony of young Squash Bugs, of different ages. showing zre- 
garious habits. In sucha position as this they are readily reached by 
kerosene emulsion or kerosene mixture. 


Fig. 8. Eggs of the Squash Bug (Anasa tristis), 
natural size, in situ, on the under side of a squash leaf. 
This shows the regular distance between the eggs, 
the diagonal direction of the rows, and the irregular 
shape of the patch as a whole. 


i 


Fig. 9. Eggs and Nymphs of Squash Bugs, one-fifth navural size. The 
young have recently hatched and remain in a group near the egg sheils, 
\. which adherejto*the: leaves all summer. 


Cc. Fig.210. A group of Squash Bugs on a dead leaf in the Fall, show- 
ing where they can be killed by a stronger kerosene spray. 


Fig. 11. All stages of the Squash Bug (Anasa tristis) 
At the left of the center is the female, laying eggs, be- 
low the center is a row of eggs, and below and above 
the female are nymphs without wing-pads; while at the 
upper right corner is an older nymph with wing-pads. 
Photographed in the field, with the insects alive and in 
their own natural positions. One-fourth natural size. 


Fig. 12. Eggs of Parasites on Squash Bugs. It was through 
the abundance of these parasites, detroying the fall brood of 
1901 after it became adult, that the bugs are rare and crops are 
free from serious injury during the season of 1902. Slightly 
more than twice natural size. 


Fig. 14. Syrphus Flies. Very im- 
portant enemies of Plant Lice on all 
kinds of plants, (a) Eggs; (b) Larva 
alive and eating an Aphis; (c) Adult. 
Twice natural size. The Larva is not 
the same species as egg and adult here 
shown but is larger. It is surrounded 
by the remains of the Aphids it has de- 
voured. 


Fig. 15. Aphis and its Enemies This photograph shows some live 
Plant Lice, both old and young. Some that were killed by fungus, some 
exuvie or cast skinsof Aphids. Syrphus Fly eggs and larvee (at X), and 


Lady Beetles. Nearly natural size. 


ub 
Fig. 16. Vhe Lace Wing Fly (Chry- 
sopa.) (a) Egg on stalk for protec- 
tion; (b) Larva, called Aphis Lion; 
(c) Adult Female Lace-wing. This 
is the individual that layed the egg 
shown ata. Twice natural size. 


Fig. 17. Several species of Lady Beetles, taken from Cucur- 
bitaceous plants. where they were devouring Plant Lice, In- 
sect eggs, ete. Twice natural size. Above are the larva and 
pupa of a Lady Beetle. 


Fig. 18. The Pickle Worm (Endioptis nitalis). Reproduced 
from ie Report of the United States Department of Agriculture. 
(Riley). 
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terial is exhausted before proceeding to another place to repeat the 
operation.”—(Prof. J. B. Smith.) 

It is remarkable as being the only herbivorous Lady-bug. All 
other species are insectivorous and beneficial. In both the larval 
and adult stages it feeds on the leaves of nearly all the cucurbits, 
and pupates while attacked to the leaves. 

It is killed by applications of any of the arsenites, the same as are 
the other Coleoptera or beetles here discussed, and is likewise pre- 
vented by covering the plants. It is killed under the paper tent, 
Mechanical Device No. 2. 


ORDER COLEOPTERA: The Beetles. 


FAMILY CHRYSOMELIDA!: The Leaf Beetles. 
The 12-Spotted Cucumber Beetle (Dabrotica 12-notata.) Fig. 26. 


The adult of this insect is a greenish yellow beetle, with six black 
dots on each wing-cover. It is very common on a great many kinds 
of plants. The adult beetle feeds on foilage, and the larva feeds on 
the roots of plants. It pupates in the ground and remains there 
during the winter. There are two broods each year, the adults of 
the second brood appearing during the first half of August. 

The effects of this insect, the remedies to be employed, and the 
enemies of this insect are the same as those of the next species. 


The Striped Cucumber Beetle (Diéabrotica vitiata.) Fig. 27. 


This is one of the earliest and most destructive insects attacking 
cucurbitaceous plants. It injures all species of plants of this family 
as well as of some others. ‘The beetles are about one-fourth of an 
inch long and are yellow, with two black stripes extending length- 
wise on each wing cover. 

They are too well known to need detailed description. They ap- 
pear on plants by the first of June, or as soon thereafter as the young 
plants come above ground, and commence at once to eat ragged holes 
into the leaves and even to chew off the young stems. (Fig. 28.) 
They pair by the middle of June and continue breeding throughout 
the summer, there being two distinct broods which overlap and are 
thus indistinctly demarcated. In central Pennsylvania the second 
brood commences to appear about the second week of August. The 
adults feed on the leaves and tender vines and lay their eggs in the 
ground. (Fig. 29.) The larve feed on the roots and often cause the 
plants to wither and die without apparent cause. (Fig. 30.) If the 
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earth is carefully removed from around the wilted plant the small 
white “worm” may be found, and the rootlets and soft outer portion 
of the roots will be found eaten away. (Fig. 31.) They pupate in 
the grovud and hibernate as adults. 

The earliest remedy is mechanical protection (No. 1) by a net or 
cloth with finer mesh than the common coarse mosquito netting. 

The adults can be killed by the arsenites (1—5), also by to- 
bacco (11), lime (14), land plaster (13), and they can be prevented by 
the various methods under “Farm Practice.” The lary can be 
killed by using tobacco dust or pulverized stems in the soil around 
the hill. We have had decided success by sticking a few holes four 
or five inches deep in the ground around the hill and putting about 
a teaspoonful of calcium carbide in each and filling again with 
earth. Land plaster and turpentine are also preventives. <A pinch 
of nitrate of soda in each hill acts both as an insecticide and as a fer- 
lilizer, 

Ground Beetles (//arpalus) and their larve destroy many of the 
larvee and pupe. 

(See general Remedies and Preventives given later.) 


ORDER COLEOPTERA: The Beetles. 


FAMILY CHRYSOMELIDA!:: The Leaf Beetles. (Fig. 32.) 


The White-striped Flea-beetle (Systena blanda). The Elongate Flea- 
beetle ( Systena elongata), and The Cucumber Flea-beetle ( Crepido- 
dera cucumers. ) 


As all the Flea-beetles belong to the same sub-family and as their 
habits, life histories, effects and remedies are similar we here treat 
them together. They can be known by their very small size and the 
enlarged segment (femur) of the hind leg, with the fact that they are 
able to jump and suddenly disappear like fleas (hence the common 
name), although their jump ends ina short flight. The White-striped 
Flea-beetle (Systena blanda) is one of the commonest and most de- 
structive. (Fig. 34.) 

They are the first insects of the spring to attack the plants, eating 
fine round holes in them before the leaves have expanded and con- 
sequently inflicting considerable injury. As the leaves grow the 
holes enlarge and become conspicuous with brown edges. (Fig. 33.) 

The larvee of most species mine in leaves, feeding on the fleshy sub- 
stance between the two outer coverings, but they do not effect much 
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damage. ‘The one generally called “The Cucumber Flea-beetle” 
(Crepidodera cucumeris), prefers potato leaves to those of cucumbers. 
(Fig. 35.) 

Although the adults are very small they often appear in such num- 
bers as to prove quite serious. They are too small to be kept out by 
netting unless very fine gauze or cheese cloth is used. On account 
of the readiness with which they jump with the wind they can be de- 
stroyed by thousands by Mechanical Device No. 3. 

They are biters or chewers and hence can be killed by the arsen- 
ites. The remedies are the same as for the striped cucumber beetle. 
Bordeaux mixture is good, besides acting as a fungicide or remedy 
for plant disease. The tobacco decoction and arsenate of lead are 
also to be especially recommended. 


ORDER DIPTERA: The Flies. 


Whenever decay commences in any part of cucurbitaceous plants, 
several species of fly larve or “maggots” may be found. They are 
whitish, footless and headless grubs, without jaws or appendages. 
They live in the liquids that accompany decay and feed upon these 
and the decaying tissues. They need cause no alarm, as they are 
more the result than the cause of the trouble where they occur. 

Sometimes one may see a wilted young plant, and upon digging 
into the ground find it nearly cut off an inch or two beneath the sur- 
face, and in the wilting stem, toward the top, may be found a single 
fly larva. This is there because the Cucumber Beetles had bitten the 
piant partially off and left a suitable place for the adult fly to de- 
posit its egg. 

No remedy is necessary but excessive seeding prevents disastrous 
results from the effects of the Cucumber Beetles and any other in- 
sects that would cut off some of the young stalks. 
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PREVENTIVES AND REMEDIES. 


A preventive is something that keeps an insect away from the 
crop, and a remedy is a means of destroying it after it is present. All 
that we wish here to indicate is how to produce a crop of Cucurbits 
by successfully combatting the hosts of insects that yearly become 
more serious. The means to be employed may be classed in one or 
more of three groups, which for want of better terms we designate 
as (1) Mechanical Devices, (2) Farm Practice and (8) Insecticides. 
These overlap, and it may be difficult to tell to which some of the 
later suggestions may belong, but as we have tried most of them 
and have found them reliable we know that they can be used with 
safety and with feelings of security. 


I. MECHANICAL DEVICES. 


1. A Covering of Netting for Protection. 

The netting is especially important for young plants, as it protects 
them from insect attacks until they are well started, when the inju- 
ries will not be so perceptible. Closely-woven mosquito netting will 
do for all insects but the flea-beetles and thrips, but for these pests 
finer material must be used. A nice way to put up the net is to cut 
it into squares as large as desired (about three feet each way), and 
stick into the ground both ends of two pliable sticks bent into semi- 
circles and crossed at right angles at the top like the central wickets 
of a croquet ground. Cover them with the netting and place loose 
earth on the edge all the way around to hold it down. (Fig. 37.) 

Another and quicker method is to incline a single stake over the 
plants and push or drive it into the ground. Over this place the 
netting and cover the margin with loose earth. | (Fig. 38.) 

Another method of covering plants has been highly recommended 
by Prof. C. M. Weed and others. It consists in covering two end- 
boards with netting and attaching a stake to each to hold it upright 
when pushed into the soil. This gives a box-shaped cover with only 
two ends of wood, the top and two sides being netting. It has the 
advantage of being portable and readily packed in compact space for 
use another year. The mode of construction and use is shown by 
Fig. 39. We have not found it more effective than some of the more 
simple devices here mentioned, especially that of Fig. 38. 

With all kinds of netting it is essential that the meshes be small 
enough to keep out the insects and that the edges be well covered 
with earth so the insects will not crawl beneath them. 
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A third and still quicker and therefore more economical method 
is to simply place the netting loosely and unsupported over the 
plants and fasten it down with the loose earth. It should be pulled 
up at the middle once about every three days in order to relieve the 
pressure on the plants,but if it does not rain on the earth and fasten 
it down the plants will exert sufficient pressure to support the net- 
ting for themselves. After a few weeks it can be removed and 
stored for another year. This method appears almost as effective 
as any, and we have tried all. (Fig. 40.) 


2. The Paper Tent. 


We have recently devised and tested this “tent” and consider it 
effective for all kinds of insects on plants small enough to be tightly 
covered by it. We used large sheets of brown paper thirty by thirty- 
six inches, procured at a newspaper office. Each is folded twice to 
make a block of four sheets one-fourth the original size. Then a 
diagonal fold is made from the corner that was the center across to 
the farthest corner. (See Il]. No: 41.) When this is properly un- 
folded and partially spread it wil! stand upright like a tent. About 
two tablespoonfulls of carbon bisulphide are poured on the ground 
around the plants in the hill and the paper tent is quickly placed over 
them and its edges covered with earth. Two persons can place one 
hundred tents in an hour, and by that time every living insect (except 
the borers) will be killed under the first that were placed and the 
workmen can commence to cover other plants with them. Carbon bi- 
sulphide and calcium carbide are especially effective when properly 
used with this device. It can be used over any and all kinds of plants 
that it will cover and the insects thereon will be killed, no matter 
what species, and the plants will not be injured. It is here described 
for the first time. If larger plants are to be treated two or more 
sheets may be pasted together. They can be stored in tight boxes 
away from mice and kept in use for many years. (Ill. 41.) 


3. The Tarred Board. (Ill. No. 42.) 


This device is a modification of the-tarred cloth and for some 
reasons is preferable. Thin boards are nailed ona cross pole in such 
a way as to give a flat surface about thirty inches wide by forty 
inches long. Over the broad board thus made tar or pitch is to be 
smeared. When a person carries this tar board by the pole or han- 
dle with the tarred side toward plants and another person from the 
windward side of the row brushes insects toward it they strike it and 
are killed by thousands. It can be operated successfully by one per- 
son. (Fig. 43.) 

This is especially recommended for thrips, flea-beetles, striped 
cucumber beetles and plant lice. It can be used to advantage for 
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such insects as these on any kind of plants, but those insects, like 
plant lice, that do not jump readily must be brushed against it. This 
is such a cheap and effective device that it should come into general 
use. 

4. Board Traps. (Fig. 44.) 

Simply fiat boards are placed on the ground around plants, and 
as it is warmer under them at night than in the air above them, in- 
sects of certain species congregate there and in the morning may be 
brushed off into a can or tray of kerosene and water and thus killed 
at once. 

This is especially recommended for squash bugs, cut worms, false 
army worms, crickets, slugs, ete. 


II. FARM PRACTICE. 


1. Clearing up all Rubbish. 

It is particularly important that this be done late in the fall and 
in the winter. If debris of all kinds available then be raked together 
and burned many hibernating insects will thus be killed. However, 
it is advisable that a watch be kept for toads which hibernate under 
leaves, etc. These animals are of great value as destroyers of in- 
sects and slugs and they should be preserved with care. They are 
tuo frequently burned with leaves and rubbish in the winter time. 

Rail fences are favorite places for insects like the squash bug to 
pass the winter in hibernation, as well as favorable to the growth of 
weeds. Wire and board fences can be kept cleaner and consequently 
will contribute toward keeping down insect pests. 

2. Clearing Away Unused Portions of Crops. 

Just as soon as the desired portion of a crop is gathered the remain- 
ing parts of the plants, green fruits, stems, leaves, roots and all, 
should be burned, buried or thrown in a heap to decay. ‘The late 
fall brood of nearly all species of insects mentioned in this Bulletin 
would be reduced if this practice were general. This means that but 
few individuals would be able to live through winter and infest the 
crops for a new brood in spring. 

If at any time plants or parts of plants are killed by insects they 
should be burned at once. This is a general principle of great im- 
portance and applies to all crops. 


3. Killing all Weeds. 

Since some of the insects (particularly the plant lice and flea- 
beetles) mentioned above feed. on several kinds of weeds it is very 
important that the premises be kept free from weeds, because other- 
wise the pests are able to multiply on the uncultivated plants and 
from them, constantly come to infest the cultivated crops. 
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4. Rotation of Crops. 

This practice should be followed for the sake of the strength of 
the plants if not for the repression of insects. Many pests stay in- 
one locality, and if the same kind of crop is grown consecutively for 
Inany years in the same soil the insects accumulate there and become 
most serious. 

To rotate. with plants that are similar and attacked by the same 
insects will not avail much. The plants should be of widely differ- 
ent character and any insects that remain are thus starved. 


5. Planting Trap Crops. 

This is done in two ways. One is to make a very early planting of 
the kinds of plants to be set out later, intending to have the insects 
infest this trap crop with their eggs and then destroy them. Often 
it is desirable to start the trap plants indoors in order to have them 
large enough for the insects to attack at once. Sometimes it is de- 
sirable to spray the trap crop with kerosene or some other insecti- 
cide that will be sure to kill the pests even though the plants are also 
injured. Often it is pegsible to gather an early crop from the trap 
plants before destroyings them. For example, it is recommended to 
plant traps of early summer squash to protect the winter varieties 
to be planted later, 

The other method is to plant some kinds of plants that the insects 
prefer to the ones we wish to raise. For example, this year we have 
completely protected our squash from attacks of flea-beetles by 
planting a few potatoes around among the vines. These insects pre 
fer the potato and other Solanaceous plants to the Cucurbitaceous, 
and consequently when it was possible went to the former in place 
of the latter. In fact, that is why we had to photograph a potato 
and bean leaf instead of one from a Cucurbit to show the work of the 
flea-beetle. They were serious pests on our squash last year, but this 
year none occurred on squash, cucumber or melons, all having pota- 
to vine traps. This test has never before been made or published. 


6. Hand Picking. 

This consists in going over the plants every morning during the 
weeks of the greatest abundance of the insects especially during the 
mating season, and picking off or brushing the insects into oil and 
water. This is especially to be recommended for squash bugs. The 
board traps greatly facilitate this means of gathering the pests. It is 
the best means of combatting the tomato worm, celery caterpillar and 
many other conspicuous insects. Clusters of eggs should likewise 
be picked off. 


7. Excessive Seeding. 

his consists in the well-known method of planting in one hill 
more seeds than are to be grown, with the expectation that the in- 
sects will destroy some. This is a good plan when it is necessary 
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but it should not be required as it is better to exterminate the in- 
sects. For several insects that are difficult to combat, this practice 
is often resorted to. 

8. Using Fertilizers. 

It is very desirable that all plants have a strong, vigorous growth, 
for they are thus able to withstand the attacks of insects better than 
can weaklings. Any kind of fertilizer is valuable in overcoming in- 
sect attacks because it promotes vigor, but one of the best is a pinch 
of nitrate of soda in each hill or at the root of each plant. This pro- 
duces the needed rapid growth and also acts as an insecticide. To- 
bacco dust is also a valuable fertilizer and insecticide. Its commer- 
cial value as a fertilizer is $25.00 per ton. 

9. Starting Plants Early. 

The purpose of this practice is to have them as large as possible 
before the insects appear. An attack that will kill a small plant will 
but slightly injure a large one. There is an advantage in starting 
plants indoors in order to have them large enough to withstand in- 
sect attacks when set out, besides the early yield of produce. 

10. Late Fall Ploughing. 

This practice is valuable to destroy those insects, such as the 
Squash-borer, the Striped Cucumber Beetle and perhaps the Spotted 
Cucumber Beetle, that pass the winter in the ground. If they are 
turned over and exposed during the winter a great many insects are 
killed by ploughing in the fall. Those that pass the winter as pupz 
are especially likely to be killed by the breaking up of their pupal 
cases or cells, 

11. The carly Application of all Preventive and Remedial Meas- 
ures. 

The importance of this can not be too greatly emphasized for all 
species of insects, and there are many that can not be successfully 
combatted unless practical measures are taken as soon as they make 
their appearance. Among these are such as the Plant Lice or 
Aphids. In June while the vines are small and the Aphids first 
migrate to melons, etc., from their food plants of winter and spring, 
they can readily be killed by fumigating the vines or spraying as di- 
rected elsewhere in this article; but if this is neglected until the 
vines are large and fruit is set it is almost impossible to rid the field 
of the pests. 

III. INSECTICIDES. 


As stated in the early part of this article, insecticides are of two 
general kinds, according to the structure of the mouth and the feed- 
ing habits of the insect to which they are to be applied. Those 
species that chew their food can be killed with internal poisons (A), 
if they live where they can be reached; and those that are suctorial 
must be killed by contact applications (B). 


Fig. 19. The Melon Worm (Margaronia hyalinata). 
Reproduced from Saunder’s ‘‘Insects Injurious to 
Fruit.” 


a 


Fig. 20. The Squash Borer (Melittia ceto). a. Adult Female Moth, natural 
size. Photographed from nature, with a vertical camera. b. Full grown 
larva, in squash vine, just as it was split open by the writer. 


Fig. 21. Leaf of Pumpkin, showing where a larva entered it at 2 and 
worked downward and into the vine through the inside of the base of the 
leaf-stalk. Larva in the vine, at the left, just below the lower shriveled 
petiols or leaf stalk at the left. One-fourth natural size. 


Fig. 22. External evidence of the Squash Borer 
beginning its work. Note the finely-ground matev- 
ial ‘ercreta) on the outside of the vine. 


Fig. 28, Larvain vine which it has nearly cut off. One-eighth 
natural size. (Where lines from a and b would cross.) 
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Fig. 24. Terminal portion of the vine shown in 22, growing after 
it had been cut off near the original root It continues to grow 
becanse it was covered with earth near the portion shown at the 
rightand just below the center. It was well-rooted there. 


Fig. 25. The Herbivorous Lady Bug (Hpilachna bore- 
alis). From Comstock’s ‘** Manualof Entomology.” 


Fig. 26. Spotted Cucumber Beetles 
Diabrotica 12-notata), adult Males and 
emales. Twice natural size. The two 
at the left are males; at the right are fe- 
males. Those above show the dorsal 
or upper side; those below, the ventral 
orlower side. There are artificial bands, 
due to reflection of light. 


Fig. 27. The Striped Cu- 
cumber Beetle (Diabrotica 
vittata), natural size. The 
two above show the dorsal 
or upper side, and the two 
below show the ventral or 
lower side. The two at the 
left are males, and the two 
at the right are females. 


' , 
<a 
p 
- \ 
Paes a. ee es eee oy P 7 
‘ 
5 
\ 
' 
‘ 
> 
» . , 7 
4 
; a 
c 
i 7 
p.. 7 
r\ wi 7 2 
. 
c.. ‘ a 
a 


Fig. 28. Effects of the Striped Cucumber Bectles 
on young plants. At the center and toward the up- 
per right corner of the picture are shown small plants 
that are wilting because they are partially cut off 
just beneath the ground by these Beetles when the 
latter entered it to deposit their eggs. 


Fig. 29. Larvee of Striped Cucumber Beetles, 
nearly natural size. These were taken from the 
ground at the same time and indicate differences 
in age in accordance with the differences in size. 


Fig. 30. Effects of the I.arve of the Striped Cucumber Beetle on 
older Cucumber Plants. The vine in the fore-ground is wilting with- 
out apparent external cause. 


Fig. 31. Roots of the,Vine shown in Fig. 30, showing that all 
of the softer outer substance and most of the rootlets have been 
eaten away by Larve of the Cucumber Beetles. 


Fig. 32. Several Species of Flea Beetles, ten times natural size. Taken 
with « micro-photographic camera. In the lefthand column the dorsal side 
or back is shown, and in the right column the ventral or under side is 
shown. Note the enlarged thighs of the hind legs, adapted to jumping. The 
top picture is a pair of Striped Flea Beetles (Systenablanda), while the 
second and smallest pair is the Cucumber Flee Beetle (Crepidodera cu- 
cumeris). 


Fig. 83. The Characteristic Effects of the Flea 
Beetles on Young Beans; one-half natural size. 


No. 34. The White-striped Flea- 
beetle (Systena blanda). Natural size. 
The dorsalor upper side is shown by | 
the upper pair, and the ventral ors | 
lower side is shown by the lower} 
pair. At the left are males; at the 
right, females. 


Fig. 35. The Cucumber Flea Beetle (Crepidodera cucumeris) and 
its Effects on Potatoes. Note that all the Flea Beetles prefer 
leaves of Potatoes and Beans to those of the Cucurbitaceous 
Plants. 
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Fig. 36. Fly Larve and Pupe, of different spe- 
cies. but such as may be found in any part of a Cu- 
curbitaceous Plant as soon as it commences to de- 
cay. They probably hasten the decay, but are not 
the original cause. At the right are eggs, in the 
center are larve, and at the left are pupe. 


Fig. 37. Frame on the right, and net over frame on 
the left, showing how pliable twigs may be used to 
form an inverted basket to hold netting which protects 
plants from insects. 


Fig. 8%. Inclined Sticks at right, and a similar device covered with 
netting at left. The simplest, cheapest,’-quickest, and most satisfactory 
means of supporting netting over plants. 


Fig. 89. Netting attached to End-Boards, covering Plants as 
an inverted box. Also, one End-Board not covered, showing 
method of attaching sharpened stake to hold it upright when 
stake is pushed down, 
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Fig. 40. Netting Material Lying in loose 
Folds over Plants, without support. Note 
that with all kinds of Nets the edges must be 
| carefully covered with fine soil. Common 
Mosquito netting is too coarse to keep out 
Thrips, Plant Lice, and the various small 

Beetles. 


| Fig. 48. Tarred Board, operated by one person. This is 
effective if properly and carefully done. After using this ten 
minutes, there were over two ,hundred insects,on one square 
foot of the board, 


Fig. 41. Paper Tents for Fumigating Plants. The Methods of Folding is shown by the 
one held in the hand of the assistant. 
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Fig. 44. Board Trap, showing effectiveness for Squash Bugs. 


Fig. 45. Cucumbers and Beans, growing simultaneously not fif- 
teen feet apart. Note that the Beans are seriously injured 
by Flea Beetles and the Cucumbers are not attacked. This indi- 
cates the value of a few beans, potatoes, and early squash or 
pumpkins as trap plants to take insects away from the more desi- 
rable crop to be planted later. Compare with Fig. 33 for the Beans. 
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Fig. 46. Young Cucumber Plants Eaten by Earthworms. At the 
farther end of the straw from x were two holes of earthworms with 
portions of small Cucumber plants and other vegetation cut off and 
sticking in them. 


Fig. 47. The Young Fruit of Squash, eaten by Milli- 
pedes, Centipedes and Slugs, all of which were alive 
upon this at the time it was photographed, but as most 
of them were moving they are not plainly shown. 
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It should be remembered that most substances that kill insects 
will also kill plants if applied in sufficient strength. Fortunately 
there is a safety limit of strength at which insects are killed and 
plants are uninjured. Our object should be to apply insecticides of 
such strength as to have the desired effect on the pests, but to save 
the plants. An insecticide should be applied at the proper time and 
for a certain kind of insect, and should be selected in accordance 
with the recommendations made for the destruction of the specific 
kind of insect under contemplation. 


A. Internal Poisons or Stomach Poisons, for Chewing Insects. 


1. Paris Green. The poisons that contain arsenic are called Ar- 
Senites and Arsenates. Paris green is the arsenite of copper and 
contains about 69 per cent. of arsenic. It can be applied as either (a) 
a powder, or (b) in liquid. 

(a) Paris Green as a Powder: This is to be dusted on the plants, 
but it should be mixed with some diluting powder in proportion of 
one part of Paris green to from 20 to 50 parts of the dilutant. Ona 
small scale, flour is generally used, but air slaked lime, land plaster 
and even road dust or wood ashes are good. It will adhere to the 
leaves better if applied early in the morning while the dew remains 
or just after a shower of rain, while they are yet damp. It is washed 
off by a dashing rain and should be repeated after each rainfall. If 
there is no rain it is well to repeat the dusting about once every two 
weeks. 

For applying dusts or powders a “powder gun” or bellows will 
prove useful but not essential. Small hand “puffers” for this pur- 
pose are common in stores. ‘A good method is to put the powder into 
a thin cloth sack or coffee bag, carry it over the plants to be dusted, 
and pound it with sticks. Especial care should be taken to dust it 
over the vines of plants for the young borers when they first hatch 
and commence to eat their way toward the inside of the plant. This 
is the only opportunity to kill them without cutting them out or 
piercing them with a sharpened wire. 

(b) Paris Green in a Liquid: The Cucurbitaceous plants are very 
tender and easily injured. Therefore Paris green can not be applied 
to them in as strong a mixture as to apple trees, but it must be di- 
luted, as for peaches and plums. The formula for vines is: 

One pound Paris green to 200 gallons of water, or 4 ounces to 50 
gallons. ‘Stir the poison well into the water, then mix with a little 
water an amount of air slacked lime equivalent to that of the Paris 
green used, and stir the “milk of lime” into the poisoned water. This 
is to prevent burning the tender foilage. It MUST be applied as a 
spray and not merely sprinkled on the plants. The work can pro- 
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perly be done by any spraying apparatus that will throw a genuine 
spray or mist. A knap-sack sprayer should be on every farm. 

2. London Purple. This is mostly composed of an arsenite of lime, 
and contains about forty-two per cent. of arsenic. It is therefore not 
as strong as Paris green and is cheaper. A little more of it must be 
used in making up mixtures, and the lime should never be omitted. 
It is to be applied either as a powder or liquid, just as is Paris green. 

In applying nearly all insecticides used with water it should be 
remembered that they are not dissolved but are merely held in me- 
chanical suspension, and it is therefore a mixture instead of a solu- 
lion. The liquid should be well stirred frequently to prevent the 
poison settling at the bottom. If it is not stirred often it will settle 
at the bottom of the vessel and the last to be used will be much 
stronger than the first. 

3. Arsenate of Lead. Do not put this into metal vessels or they 
will be corroded. Wood or glass can safely be used. Formula: 

4 ounces of 50 per cent. arsenate of soda. 
11 ounces of acetate of lead. 

150 gallons of water. 

Dissolve the acetate of lead and arsenate of soda separately, each 
in four quarts of water, in wood, glass or earthenware, then stir them 
into the remainder of the water in the larger vessel. Apply asa 
spray as with other poisons. All such substances should be labelled 
and kept out of the reach of children, poultry or live stock, as they 
are deadly poisons. If they were not poisonous they would be of 
uo avail for the purposes to which we propose to put them. 

It is safe to spray all plants, even cabbage, with such applications, 
but they should be well washed with dashing water before being 
eaten or should not be gathered within two weeks from the time of 
the last application. 

4. Arsenite of Lime. This can be made according to the following 
formula: 

1 pound white arsenic. 

2 pounds quick lime. 

1 gallon water. 

Boil this mixture forty-five minutes. (It will not injure metal.) 
Keep it in a closed vessel, as a jug, properly labelled “Poison,” and 
whenever it is needed use it in proportion of one quart to fifty gallons 
of water. It can be kept as long as desired, and will be found quite 
effective for all kinds of biting insects. We have not yet had op- 
portunity to try this substance, but it is so highly recommended by 
those who have tried it that we do not hesitate to endorse it as a 
first class insecticide. 

5. The Bordeaux Mixture and Paris Green: This has the advant- 
age of being both a fungicide for plant diseases and an insecticide 
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for their insect pests. It is in common use. The Bordeaux mix- 
ture itself without the Paris green is a fungicide rather than an in- 
secticide. The former is made as follows: 

4 pounds copper sulphate (blue vitriol). 

4 pounds unslaked lime. 

25 gallons of water (‘full strength solution”), or 

50 gallons water (“half strength solution”). 

Do not use metal. Dissolve the copper sulphate in water. Solu- 
tion can be hastened by heating. Slake the lime separately in 
enough water to make a “cream.” Pour the copper solution into the 
larger vessel of water, and strain the ‘milk of lime” into it through 
a fine sieve or cloth, stirring the liquid into which it is strained. 

Whenever lime is to be used in any substance to be applied as a 
spray it should first be strained carefully to prevent it clogging the 
nozzle. . 

To complete the mixture as an insecticide use four ounces of 
Paris green to every fifty gailons of the Bordeaux mixture as made 
according to the formula here given. 

This mixture is particularly recommended for Thrips, Flea-beetles, 
ete. 


bB. Contact Applications, for Suctorial Insects. 


6. Kerosene Mixture with Water. It has recently been determined 
that it is not necessary, in combatting most insects, to take the 
trouble of making a kerosene emulsion (7), as a mere mechanical mix- 
ture of oil and water is sufficient if the kerosene is thrown in a very 
fine spray. The mixing is done by the apparatus as it throws the 
spray, the kerosene being carried in a vessel separate from the water. 
Several devices for this purpose are now on the market, but one of 
the best is the Kerowater Knapsack Sprayer. It can be purchased 
of most dealers. It can be set to make the mixture of any desired 
percentage. For Cucurbits it should not be used above eight per 
cent., and five per cent. will generally be found strong enough. 
Wherever the insects are not on plants that are to be kept growing 
it can be increased to twenty per cent. and will then prove certain and 
speedy death. It is particularly recommended for Squash-bugs. 
Even though plants are to be burned after frost, they should first be 
well sprayed with a strong mixture to kill the bugs that then col- 
lect on them and would remain over winter to infest the next spring’s 
crop. 

7. Kerosene Emulsion. This is a famous remedy for all kinds of 
suctorial insects. Formula: 

4 pound hard common coarse laundry soap. 
gallon water. 
gallons kerosene. 
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Shave the soap fine and dissolve it in the boiling water. Pour it 
into the kerosene (away from fire) while hot, and churn it through a 
force pump or sprayer until it becomes a thick creamy mass. It will 
keep as long as desired. For use, thoroughly mix one part of this 
with nine of water. Apply as a spray, thoroughly, to all parts of the 
plants and on both sides of the leaves. It must come into contact 
with the bodies of the insects in order to kill them. It is especially 
recommended for plant lice and Squash-bugs, but will kill all kinds 
of insects with which it comes into contact. It has the advantage of 
the kerosene mixture in the fact that it is not as liable to injure 
foliage. 

8. Whale-oil Soap. This is made by dissolving two pounds of the 
potash whale-oil soap in one gallon of hot water. It is applied either 
asaspray orasa wash. As the latter, it can be applied with a brush, 
but it is a winter wash, mostly for scale insects, and under no circum- 
stances should it be applied to delicate leaves. When Squash-bugs 
are not on the living plants they can be killed with this. 

9. Carbon Bisulphide. This is explosive with fire. It kills by its 
poisonous fumes, which are heavy. It is especially used to destroy 
insects in stored grain, but can be employed as a fumigant. One 
teaspoonful in any kind of a vessel or a clam shell under each of the 
tents described as Mechanical Device No. 2, will kill every kind of in- 
sect present in less than an hour and will not injure the plant. It 
should be sold by retail druggists at twenty-five cents per pound, or 
less. 

10. Gasolene and Benzine. The fumes of these substances kill in- 
sects, but they should be left long enough to insure death, or should 
be buried or burned when stupefied. Gasolene is the cheapest sub- 
stance that can be quickly used under tents described as Device No. 
2. When it is poured on the ground a greater quantity is needed than 
when placed in vessels. 

11. Calcium Carbide. This is the substance that is used with water 
to generate the acetylene gas that is now used for illuminating pur- 
poses. We do not know of its previously having been used in this 
country as an insecticide, but our experiments demonstrate its value 
for this purpose. For insects infesting the soil, a smooth and shar- 
pened stick should be pushed into the ground to as great a depth as 
they are found (generally from four to six inches), and a tea- 
spoonful of the carbide should be dropped into the hole and the 
latter then firmly filled with damp earth packed into it. The carbide 
readily absorbs moisture from the earth and generates gas which 
permeates the earth and kills all kinds of insects found therein, as 
does carbon bisulphide. We have killed most of the larvee and pupe 
of beetles around cucumber roots by four or five holes around each 
hill. 
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For all kinds of insects on plants above ground, use the paper tents 
described as “Mechanical Device No. 2,” and put under each about a 
teaspoonful of carbide, either on damp soil or in water, and leave it 
for an hour. Vegetation is not injured. 

12. Tobacco. This is a good insecticide for certain species when 
used either as a fine dust or in a decoction. It will not injure the 
plants, and will act as a valuable fertilizer. It should come into 
contact with insects above ground, as they will not eat it. 

For insects feeding beneath the surface of the soil nothing is better 
than tobacco stems or dust placed around the plant and stirred into 
the soil. They do not eat it, but can not avoid coming into contact 
with it. The stems can be procured at little or no cost from cigar fac- 
tories. Stems are as useful as any part of the tobacco plant in 
making a tea or decoction. This should be applied as a spray. 

13. Sulphur. This is often applied as a powder, but is too expen- 
sive for general application on a large scale. It is not necessary to 
use the pure “flower of sulphur, or powder form, but it may be mixed 
with several times its bulk of some kind of dust, as directed for Paris 
green, although the proportion of the dilutant must be only about 
one-third as great. 

14. Land Plaster. This is recommended more as a repellant than 
asaremedy. Itis also a fertilizer. It is applied by sprinkling it on 
the plants or sowing it broadcast over the field. When it is sown with 
the wind it drives certain species of insects to plants and weeds te the 
leeward. It is more effective as a repellant if some turpentine or 
kerosene be mixed with it. 

15. Air-slaked Lime. This is used as in Land Plaster (No. 14), and 
is even more effective. The Cucumber Beetle, especially, is driven be- 
fore it, and can be kept away from the plants by its frequent use. Of 
course, a repellant only drives insects away, and does not kill them. 

This means that they become more abundant upon the plants to 
which they are thus driven, but it sometimes a good plan to drive 
them to one side of the field and there spray with some killing insec- 
ticide, according to that recommended for the species in question. 


OTHER INVERTEBRATE ANIMALS INJURING CUCURBITA- 
CEOUS PLANTS. 


Besides the insects discussed in the preceding text, we have found 
two species of slugs (Limax), two of Centipedes and one of Millipeds, 
injuring the fruits of cucurbitaceous plants by eating into them. 
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They are especially bad when the weather is very damp and the fruits 
lie in shaded spots. (See Fig. 47). The young squash shown in Fig. 
47 was attacked by all of these pests, which were present upon it at 
the time it was photographed, but as they were crawling they are not 
plainly shown. 

The remedy is either a spray of Paris green upon the fruits, or 
better, a layer of wood ashes or other light dusty material on the 
ground around the bill and under the fruits. The latter can be re- 
garded as a specific against these pests. 

We have found some of our young plants cut off and pulled into 
holes by earthworms. It is a sure indication of their work to find 
the vegetation drawn into small, round and smooth holes. (Fig. 46.) 
They can be killed by salt water poured into the holes, 
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MODERN DAIRY SCIENCE AND PRACTICE. 


By L. L.. VAN SLYKE, PH.D., Geneva, N. 1. 


INTRODUCTION. 


Dairying has for its objects the production of milk and the manu- 
facture of various food products from milk. Dairying may, there- 
fore, be divided into two fairly distinct departments: Dairying (1j 
as a branch of agriculture, and (2) as a manufacturing industry. 

Considered as the source of milk production, dairying is a branch 
of agriculture; for the producer of milk tills the soil, raises food 
crops for the cattle, rears dairy animals, and obtains milk as his fin- 
ished product. He is a manufacturer, employing agricultural meth- 
ods. Considered as a-source of cream, butter, cheese, etc., dairying 
is a manufacturing industry. The maker of butter and cheese starts 
with milk as his raw material and employs methods that are es- 
sentially industrial and in no way connected with agriculture proper. 
While these two departments of dairying have in the past been 
carried on largely side by side on the farm, the modern tendency 
has been toward a more complete separation. Attention is here 
called to these two divisions of dairying, because it is the writer’s 
purpose in this treatise to dwell almost entirely upon the second 
division. To attempt to cover the field of dairying in its broadest 
sense would practically involve consideration of a large portion of 
the broad domain of agriculture. 

Dairying is both an art and a science, whether considered in its 
restricted or broad sense. 

The art or practice of dairying embraces certain practices and 
processes which have been gradually developed by experience and 
observation. The art of dairying, in its widest application, teaches 
how to cultivate the soil for the production of certain crops; how 
to make and use fertilizers; how to breed, feed and care for dairy 
animals for the production of milk; how to produce cream, butter, 
cheese, ete., from milk. 

The science of dairying embraces a collection of the general prin- 
ciples or leading truths, arranged in systematic order, relating to the 
operations of dairying. Thus, among other things, the science of 
dairying explains the growth of animals, the relation of foods to 
milk production, the chemical composition and physical properties 
of milk and its products. It consists of an application of the truths 
of such sciences as physiology, chemistry, physics, botany, etc., to 
the practical operations of dairying. 


‘ 


552 ANNUAL REPORT OF THE Off. Doc. 


Dairying has undergone many profound changes during the last 
generation, and more particularly during the last fifteen years. 
This is true of both the agricultural and the manufacturing phases 
of dairying. We can fully realize this by noticing the changes in 
its very language. [Even ten years ago few dairymen would have 
been able to use intelligently, if at all, many of the expressions that 
are very common now, such as bacteria, lactic acid fermentation, 
pasteurization, sterilization, separator cream, ripened cream, fat 
basis for paying dividends, ripening tests, etc., ete. With all the 
advance in knowledge and the improvement in practice that we have 
witnessed in recent times, there are still many unsolved problems in 
dairying; but we do well to be impressed with the great things which 
have already been accomplished and to appreciate the advantageous 
position we are now in for making further progress, compared with 
the position we were in only fifteen years ago. 

These changes for the better have been brought about through the 
combination of a variety of educational agencies, among which may 
be mentioned our agricultural experiment stations, dairy schools, 
State Departments of Agriculture, farmers’ institutes, the agricul- 
tural press, farmers’ clubs, ete. 

Our dairy products, as a result of improved methods of producing 
milk and of improvement in manufacturing processes, are greatly 
superior on the average to those we made half a generation ago. 
The consuming public has, to some extent, become more choice in 
its tastes and exacting in its demands; in other words, the present 
standards required for dairy products are higher than they were. 

The object of this little treatise is to present, with a moderate 
degree of fullness, some of the results of these recent years of pro- 
gress, So as to give the reader some idea of what constitutes “Modern 
Dairy Science and Practice.” 


CHAPTER I. 


THE CHEMISTRY OF MILK. 
1. General Composition of Milk. 


In milk, as well as in most of its commercial products, we find 
the following compounds and classes of compounds: 
(1) Water. 
(2) Fat. 
(3) Nitrogen compounds or proteids. 
(4) Sugar. 
(5) Salts or ash. 
(6) Gases. 
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In giving the description of any individual chemical compound in 
connection with the chemistry of milk, we shall not need to repeat 
the description when we come to consider that compound in con- 
nection with the products of milk; for, it will be found, the descrip- 
tion given here will apply to the same compound wherever we find 
it. The word milk, as we shall use it, refers always to cows’ milk, 
unless otherwise stated. 


2. Water. 


1. Chemistry.—The water present in milk and its products, how- 
ever much its presence may be disguised, is one and the same com- 
pound of hydrogen and oxygen, with which we are everywhere fa- 
miliar. The water in milk and its products is simply plain, common 
water, possessing no chemical peculiarities to distinguish it from 
water found anywhere else. It is only ordinary water in the com- 
pany of other chemical individuals. 

(2.) Purpose.—The water in milk serves the purpose of holding in 
solution the soluble constituents of the milk. It also acts as a 
diluent, better fitting the mixture as animal nutriment. 

(3.) Amount of Water in Milk—The amount of water contained 
in milk varies considerably, depending upon a variety of conditions, 
such as individuality, breed, stage of lactation, age, character of 
food, amount of water drunk, condition of health, etc. 

(a.) Single Milkings.—Taking single milkings of individual cows. 
we may find the amount of water in 100 pounds of milk varying from 
S2 to 90 pounds or more, corresponding to 10 to 18 pounds of total 
solids. 

(b.) Lactation Period of Single Cows.—In case of milk from single 
cows for an entire period of lactation, the variation of water may 
range from 84 to 89 pounds, corresponding to 11 to 16 pounds of 
total solids. 

(c.) Herds.—Taking milk from herds of cows, the variations of 
water are within narrower limits, usually ranging from 86 to 88 
pounds in 100 pounds of milk, corresponding to 12 to 14 pounds of 
total solids. 

In the case of average milk, as found in the United States, 100 
pounds of milk contain from 87 to 87 1-4 pounds of water, correspond- 
ing to 12 3-4 to 13 pounds of solids. 

(d.) Breed—As regards the influence of breed of cow upon the 
proportion of water in milk, the following figures, taken from the 
Geneva (N. Y.) Station records, serve as a fair illustration: 
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(e.) Advance of Lactation Period.—The following figures, showing 
the variation of water in milk with advance of lactation of period, 
are based upon averages derived from an aggregate of nearly fifty 
lactation periods of individual cows, covering the first ten months 
of lactation: 
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85.82 14.18 
85.67 14.33 
85.54 14.46 


85.17 | 14.83 


We notice a general tendency fer the water to increase for three 
months, after whcih there is a constant decrease to the end of the 
lactation period. A similar tendency is shown in the illustration 
given below, which covers a large number of samples of milk ob- 
tained from cheese factories, representing practically the first six 
months of the lactation period. 
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(f.) Age. There are not available many Gata giving reliable in- 
formation in respect to the influence of the age of a cow upon the 
amount of water in milk. There is more or less variation in differ- 
ent individuals. From the limited amount of data accessible, there 
appears to be a general tendency for cows to produce milk with least 
water during the second period of lactation, after which the amount 
of water in the milk increases with the age of the animal. 


3. Milk-Fat (or Butter-Fat). 


1. Milk-Fat a Mixture——Milk-fat is not a single, invariable com- 
pound, but is a somewhat variable mixture of several different com- 
pounds, each of which contains the elements carbon, hydrogen and 
oxygen, combined in different proportions. Each of these separate 
compounds, contained in milk-fat, is formd by the chemical union 
of glycerin with some acid of a particular kind. These glycerin-acid 
compounds contain about ten different, acids, but some of them 
are present in very small quantities; in fact, 90 per cent. of milk-fat 
is made up of only four of these compounds. We can, in a general 
way, represent the composition of these four most important gly- 
cerin-acid compounds of milk-fat in the following manner: 

Glycerin and palmitic acid form palmitin. 
Glycerin and oleic acid form olein. 
Glycerin and myristic acid form myristin. 
Glycerin and butyric acid form butyrin. 

These four compounds are present in milk-fat (or butter-fat) in 

something like the following amounts: 
Palmitin, 40.5 per cent. 
Olein, 34.0 per cent. 
Myristin, 10.5 per cent. 
Butyrin, 6.2 per cent. 
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The proportions of these constituents of milk-fat vary somewhat 
and this variation influences the character of the milk-fat. 

(2.) Melting Points of Constituents of Milk-Fat.—In order to under- 
stand more fully some of the properties of milk-fat, we will briefly 
notice some of the more important properties of the above-mentioned 
compounds. 

Palmitin has a rather high melting point, 144 degrees F. 

Myristin melts at 129 degrees F. 

Olein and butyrin are liquid at ordinary temperatures. Olein has 
the important property of being able to dissolve and hold in solu- 
tion the less easily melting palmitin and myristin, above certain 
temperatures. 

Palmitin and myristin tend to produce hardness in butter; olein 
and butyrin, softness. 

(3.) Glycerin is present, chemically combined with acids, in all 
fats. It forms, on an average, about 12.5 per cent. of pure milk-fat 
or butter-fat. 

(4.) Physical Properties of Milk-Fat——Milk-fat, in pure, fresh con- 
dition, appears at ordinary temperatures as a soft, white to yellowish 
mass, with mild taste and very slight odor. It easily takes on a 
granular structure. It melts easily and is lighter than water. 

Our knowledge of the color of milk-fat is very limited. Whether 
the color is a property of some one of the compounds of milk-fat, 
or whether it belongs to some special substance, mechanically held 
by the milk-fat, we can not say positively, but the latter supposi- 
tion is probably nearer the truth. It is well established that the 
color of milk-fat varies with individual cases, with breeds, with ad- 
vance of lactation and with the food. 

(5.) Milk-Fat in Form of Globules.—Milk-fat is present in milk in 
the form of very small, transparent globules, too small to be seen 
by the unaided eye. The sizes most commonly met with are be 
tween 1-2500 and 1-15000 of an inch in diameter, and the average 
diameter is not far from 1-10000 of an inch. Some globules are as 
large as 1-1500 of an inch and some as small as 1-40000 of an inch. 
The smaller fat-globules are more numerous than the larger ones. 
In one drop of average milk there are about 150,000,000 fat globules. 

Formerly it was very generally believed, and is still held by some, 
that fat-globules of milk are surrounded by a membranous covering. 
In some respects, fat globules behave as if they were enclosed in 
a membrane. The theory also has been advanced that the fat- 
globules are surrounded by a semi-solid membrane of slime. With- 
out going into details to state the reasons, we may accept it as es- 
tablished beyond reasonable doubt that fat-globules have no special 
covering, but are simply minute particles of fat floating free in 
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milk in the form of an emulsion. There is no difference in the com- 
position of the fat in the large and small globules. 

(6.) Amount of Fat in Milk.—The amount of fat present in normal 
milk varies greatly, going, in the case of single milkings of individual 
cows, below 2 per cent. and above 10 per cent. The average of fat 
in the milk of herds of cows varies commonly between the limits of 
3 and 5 per cent. The average amount of milk-fat in milk produced 
in the United States, taking the true average for an entire year, 
lies between 3.75 and 4 per cent., and somewhat nearer the latter 
figure. 

Many of the conditions that affect the amount of fat in milk have 
been studied and are well established, while others are but little 
understood. We will consider briefly some of the better-known con- 
ditions. 

(a.) Individuality.—It is uncommon to find in a herd of cows any 
two individuals whose milk contains the same per cent. of fat, 
whether we consider individual milkings or the average of many 
milkings. This is simply one of many factors that go to make a 
cow’s individuality. 

(b.) Breed—It is well known that the per cent. of fat in milk 
varies in a more or less characteristic way with the kind of breed. 
While there is marked variation in indivduals of the same breed, 
there is found to be a fairly uniform difference, more or less marked, 
if we take the awerage of several individuals. It is largely owing 
.o this influence that we find the milk of one country differing from 
that of another, or the milk of one section of a country differing 
from that of another section. For example, the average per cent. 
of fat in milk in Germany and Holland is fully one-half per cent. 
lower than in this country, because the prevailing breeds of cows 
there are the ones producing milk comparatively low in fat. The 
figures given in the following table are taken from the records of 
the Geneva (N. Y.) Station and represent averages of several indi- 
viduals covering several periods of lactation: 
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(c.) Age.—So far as published data throw light upon the question 
of the influence of age upon the amount of fat in milk, the more 
common tendency appears to be for milk to become less rich in fat 
with each succeeding period of lactation, especially after the second, 
though individual exceptions to this tendency are not infrequent. 
We need more extended data bearing upon this point before we can 
speak with any degree of positiveness. 

(d.) Advance of Lactation Period—In general, it is found that 
the per cent. of fat in milk increases as the stage of lactation ad- 
vances. The following figures represent the averages obtained from 
an aggregate of nearly fifty lactation periods of different cows. cov- 
ering a period of ten months: 
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(e.) Variation of Time Between Milkings.—<As a rule, the longer 
the time between two successive milkings, the smaller is the per 
cent. of fat in the milk, and the shorter the time between milkings, 
the greater the per cent. of fat. When the time between milkings 
is uniformly equal, the variation of fat in milk is small, provided the 
general conditions surrounding the cow are the same. However, 
as there is not commonly such entirely uniform condition of sur- 
roundings during the day and night, there is probably a common 
tendency in the direction of a little more fat in the morning’s milk. 

(f.) Relation of Yield of Milk to Fat.—Large yields of milk are 
usually, though not necessarily, accompanied by lower percentages 
of milk-fat, while smaller yields are more commonly associated with 
larger percentages of fat. 

(g.) Influence of Food Upon Amount of Fat in Milk.—This ques- 
tion has been the subject of investigation for years, but we are 
not yet able to say that we can “feed fat into milk,” under ordinary, 
normal, practicable conditions. It has been noticed by several in- 
vestigators that a very marked change in the general character 
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of food, as from an insufficient amount of dry hay to an abundance 
of nutritious, succulent food, is accompanied by an increase in the 
percentage of fat in milk, as well as in the yield of milk. 

The writer has noticed that, in the case of milk taken to cheese 
factories, the fat increased very noticeably and generally during 
the latter half of May, as compared with the preceding portion of the 
month. In these cases, the cows were commonly fed on timothy 
hay, without grain, until pasturage came. There was thus a very 
marked change in the character of the food. However, we cannot 
deny that the more favorable surroundings of the cows at pasture, 
as compared with the cows kept in the stable or yard, exerted an 
influence that should not be overlooked. Taking the milk of quite 
a large number of different cheese factories we found, on an aver- 
age, during the first half of May, the per cent. of fat was 3.46, and 
during the latter half 3.70, an increase of 0.24 per cent. in a brief 
space of time. 

(h.) Variation of Fat in Different Portions of Milk Drawn from 
Udder.—In the case of the figures given below, the udder was milked 
as nearly as possible in four equal portions. 
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It is seen that in every case the first fourth of the milk drawn 
from the udder is very low in fat, and that the fat increases in 
successive portions drawn, until in the last it is extremely high. 
The most satisfactory explanation offered for this behavior of fat 
in milking is that the fat-globules strike against the sides of the 
minute ducts, through which they flow, and the friction thus caused 
holds the globules back, the milk that remains in the ducts becom 
ing increasingly richer in fat in consequence. 


4. The Nitrogen Compounds or Proteids of Milk. 


(1.) Number of Proteids in Milk.—So far as our present knowledge 
goes, we appear to be justified in believingthat milk contains not 
more than four nitrogen compounds or proteid bodies, and these are: 
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Caseiu, 
Albumin, 
Globulin, . 
Galactase. 

Globulin and galactase are present in so small quantities that we 
can regard casein and albumin as beiug essentially the nitrogen 
compounds of milk. These bodies are called nitrogen compounds, 
because they contain, in addition to other elements, the very im- 
portant element called nitrogen. These nitrogen compounds of milk 
or milk proteids can be formed only from proteids received by the 
cow in the food. 

(Z.) Milk-Casein.—This is the most important proteid in milk, 
because it is the one present in largest quantity and also because its 
presence makes it possible to convert milk into cheese. Miik-casein 
is most familiar to us in the form of the white, solid substance, 
or curd formed in milk when it sours, though, strictly speaking, this 
white substance is not milk-casein but a compound formed by it 
with acid. 

(a.) Casein in Milk Not in Solution.—lIor a long time it was 
thought that casein was in true solution in milk; but evidence, pro- 
duced by different lines of investigation, show beyond question that 
casein exists in milk in the form of minute, solid, gelatinous particles 
in suspension. Casein forms a considerable part of separator slime. 

(b.) Composition of Casein.—Casein is a very complex chemical 
compound, containing the elements of carbon, hydrogen, oxygen, ni- 
trogen, sulphur and phosphorus. It is believed that calcium (or 
lime) compounds are in some way combined with casein. 

(c.) Action of Acids on Casein.—Very dilute acids completely co- 
agulate or solidify the casein of milk. In this action the acid forms 
a compound with casein. If a large amount of acid is added to milk, 
the casein is first coagulated and then dissolved, as in the case of 
adding sulphuric acid to milk in the Babcock test bottles. The ac- 
tion of acids in coagulating milk-casein is hastened by increase of 
temperature. . 

(d.) Action of Alkalies on Casein.—Such gompounds as caustic 
soda and potash, ammonia, sodium and potassium carbonate, unite 
with casein and form compounds that are easily soluble in water. 
They also dissolve the casein that has been coagulated. Some of 
these compounds are found in commerce as food preparations. Nu- 
trose is a food preparation that consists mostly of sodium casein. 

(e.) Action of Other Compounds on Milk Casein.—Certain chemi- 
cal compounds, when added to milk in large quantities, coagulate 
casein, such as common salt, magnesium sulphate (Epsom salf), 
ammonium sulphate, etc. Other compounds, added in smaller quan- 
tities, coagulate casein, such as alum, zinc sulphate, corrosive sub 
limate, formalin, ete. 
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(f.) Action of Heat on Casein.—Heat alone under ordinary condi- 
lions, even at boiling point, doegy not coagulate casein in milk. The 
formation of a peculiar skin on the surface of milk heated above 
140 degrees I*., is largely due to the casein of the milk, and not to 
albumin, as was formerly supposed. The skin itself contains practi- 
cally all the constituents of milk and is a kind of evaporated milk. 

(g.) Action of Rennet on Milk-Casein.—One of the most charac- 
teristic properties of milk-casein is its coagulation by rennet, this 
property making it possible to manufacture cheese from milk. The 
curd formed by action of rennet is a compound different from casein 
and is called paracasein. ‘The coagulation of casein by rennet iv 
quite different from that produced by acids. In connection with the 
subject of cheese-making, we will consider in detail the properties 
of rennet and the conditions that affect its power to coagulate with 
milk-casein. 


(3.) Milk-Albumin.—Milk-albumin differs from milk-casein in many 
ways, the most important of which we will briefiy notice. First, 
milk-albumin is not acted on by rennet; second, it is not coagulated 
by acids at ordinary temperatures; third, it is coagulated by heat 
alone, though not completely, above 160 degrees F. From these 
characteristic differences, it can readily be seen that casein and al- 
bumin are very different compounds. 

(4.) Galactase in milk was discovered by Drs. Babcock and Russell 
about five years ago. Jt is present in very small amounts. It has 
the power of acting upon milk-casein, first changing it into a solid 
and then dissolving it. It is believed to be active in cheese ripening. 

(5.) Amount of Casein and Albumin in Milk.—In general, the 
amount of casein and albumin, taken together, are found in milk in 
quantities ranging from 2.50 to 6 per cent.; the average is about 
3.2 per cent. There is about 3.5 times as much casein as there is 
albumin. 

(a.) Casein.—Casein in milk varies from 2 to 4 per cent., and 
averages 2.50 per cent. 

(b.) Albumin.—Albumin in milk varies from 0.50 to 0.90 per cent., 
and averages 0.70 per cent. 

(c.) Influence of Lactation on Casein and Albumin.—There is a 
very general tendency for casein and albumin to increase in milk 
as the period of lactation advances, and somewhat more rapidly 
in proportion than the milk-fat. 


5. Milk Sugar. 


Milk-sugar is present in cows’ milk in solution. In general com. 
position it resembles our ordinary sugar, but its sweetness is very 
much less than that of cane sugar, and it is also less readily soluble 

34 
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in water. It is present in milk in amounts varying from 4.5 to 5.5 
per cent., and averaging 5 per cent. Its importance in dairy manu- 
facture, especially in connection with butter and cheese, comes from 
the readiness with which it is converted into lactic acid by various 
organisms. This action will be studied in detail in the next chapter. 


6. The Salts of Milk (or Ash). 

The salts of milk, also called the mineral matter, or ash, are im- 
portant constituents, though they are present in only small quan- 
tities, varying from 0.50 to 9.90 per cent., and averaging about 0.70 
per cent., as expressed by the ash. The elements which go to make 
up the salts of milk, stated in the order of their abundance, are the 
following: Phosphorus, potassium, calcium, chlorine, sodium, mag- 
nesium, sulphur and iron. The calcium is probably present in the 
form of calcium phosphates; the sodium, as sodium chloride; the 
potassium, as potassium phosphate, chloride and citrate. 


7. The Gases of Milk. 

Miik contains more or less oxygen and nitrogen, some portions of 
these gases being carried into it mechanically from the air in the pro- 
cess of milking. It contains also carbon dioxide when freshly drawn, 
probably between 3 and 4 per cent., a portion of which escapes at once 
while being milked under usual conditions. 

We have now seen, in some detail, how many and what different 
compounds are contained in milk. There are certain arbitrary divi- 
sions of these compounds made for the sake of convenience. One 
such division makes two classes of the compounds of milk—(1) water 
and (2) solids, or milk-solids, or total solids, these including fat, 
casein, albumin, milk-sugar and salts, or ash, of milk. Another divi- 
sion is on the basis of the milk-fat, into (1) fat and (2) milk-serum, 
this including all the milk except the fat, that is, water, casein, albu- 
min, milk-sugar and ash. Separator skim-milk is nearly pure milk 
serum. Then, again, the milk-solids themselves are divided into (1) 
fat and (2) solids-not-fat, the solids-not-fat including the milk serum 
less the water. 

Analyses of Milk. 
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Per cent. of total 
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Average cheese-factory milk for the season | 
(May to November) in New York State,.. gaa 12.60 | 3.75 | 2.45 0.70 5.00 0.70 
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CHAPTER II. 
CONTAMINATION OF MILK. 


Milk, on standing, undergoes a variety of changes sooner or later, 
many of which spoil it for use as food. The most common and 
extensive changes occurring in milk are due to fermentations. One 
result of some fermentations is the production of bad flavors, but 
these may be acquired also either by direct absorption from the 
surrounding air or from the food consumed. To these ditferent 
sources of contamination we will now give some detailed attention. 


8 What is Fermentation? 


The meaning of fermentation can best be made clear by illustra- 
tion. When a fruit juice, like sweet cider, is allowed to stand at 
ordinary temperature, it soon begins to undergo changes, large 
quantities of bubbles of carbon dioxide gas come from the surface 
of the liquid, and some alcohol is formed. In this case, the sugar 
of the apple juice is changed into alcohol and carbon dioxide. If 
this cider, containing alcohol, is allowed to stand long enough at 
ordinary temperatures, the alcohol disappears, being changed into 
acetic acid and we then have what we commonly cali cider vinegar. 
The process resulting in the change of the sugar in the cider into 
alcohol and carbon dioxide is cailed a fermentation; and that re- 
sulting in the change of alcohol into acetic acid or vinegar is alsa 
a fermentation. — 

When milk is freshly drawn, it is sweet, but, on standing a while 
at ordinary temperature, it becomes sour. The change taking place 
is the formation of lactic acid from milk sugar, and it is caused by 
certain germs. ‘The souring of milk is another case of a fermenta- 
tion. 

That which causes fermentation is called a ferment. As there 
are many different kinds of fermentation, so there are many different 
kinds of ferments. In the production of alcohol and carbon dioxide 
frow the sugar in cider, the ferment is yeast; in the fermentatior 
of vinegar from alcohol, certain kinds of bacteria are the ferment 
in the conversion of milk sugar into lactic acid, certain other bac 
teria constitute the ferment. 

Ferments possess certain general characteristics in common,among 
which may be mentioned the following: (a) A very small amount of 
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ferment is capable of producing very great changes. (b) They are 
all dependent upon temperature as a condition of activity. They 
cease to act at low and also at high temperatures. Most of them 
find the temperature best suited to their greatest activity between 
80 and 100 degrees F. (c.) Ferments are destroyed by heat, 
the temperature of boiling water in most cases completely destroying 
their power to act. Their activity is checked by low temperatures, 
but, when again warmed, they renew their activity. (d.) The pro- 
ducts which ferments form, when accumulating in certain amounts, 
usually stop further action. (e.) All ferments are closely connected 
with life processes. 


9. 'Two General Classes of Ferments. 


The different bodies that are capable of causing fermentations 
may be divided into two general classes (1) organized ferments, and 
2) unorganized ferments. 

(1.) Organized Ferments are living organisms capable of produc- 
ing fermentations. Those of greatest interest found in milk and its 
products are called bacteria. Bacteria are the smallest conceivable 
forms of plant life. Each individual consists of a single cell, aver- 
aging in diameter one-thirty thousandth of an inch. They appear 
in three general varieties of form: Ball (coccus), short rod (bacillus), 
and cork-screw (spirillum). They multiply in number or reproduce 
by simple division; that is, when a cell grows in size, it increases 
more in one direction, so as to lengthen out slightly, and a partition 
forms across the cell, thus producing two new cells in place of the 
old one; and then each of these subdivides again and so on continu- 
ously. Some kinds of bacteria form spores in the cells; these are to 
bacteria what seeds are to higher plants. Spores are not so easily 
killed by heat as are bacteria. Some bacteria have power of motion. 
Under favorable conditions, their rapidity of growth is remarkable. 
In some cases, one cell divides into two cells in twenty minutes; 
if this rate were kept up for twenty-four hours, the one cell would 
multiply into several millions. Bacteria require as food for satis- 
factory growth compounds containing nitrogen, carbon, hydrogen, 
and, in addition, small amounts e6f inorganic or mineral matter. 
“he sugar, casein and e:bumin im wilk and its products furnish a 
supply of food very readily utilized by bacteria. As already stated. 
bacteria are affected by temperature. The bacteria commonly pres- 
ent in milk grow between the limits of 40 and 110 degrees F., the 
most favorable temperatures being between 80 and 95 degrees F. 
Many bacteria are killed between 130 and 140 degrees F., when ex- 
posed to this degree of heat for ten minutes, and most are destroyed 
at 185 degrees F. Many spores are killed at temperatures con- 
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siderably above 212 degrees F., and even then require one 
to three hours. Dry heat is less effective than moist heat. 
Live steam, therefore, affords a most efficient means of de- 
stroying bacteria. All bacteria are rendered inactive by low 
temperatures and some may be killed by intense cold. Many 
bacteria may retain life even on being dried and become active 
again when placed under favorable conditions of moisture and 
temperature. Sunlight kills many bacteria when they are exposed 
directly to the sun’s rays for a few hours. Bacteria are either 
checked in growth or killed by many chemical compounds. Those 
compounds that simply retard the rapidity of growth of bacteria 
are called antiseptics; those that destroy bacterial life are called 
disinfectants. Bacterial activity is stopped by an accumulation of 
the products formed by it and, in some cases, by the products of 
the activity of other bacteria. In the course of their growth, bac- 
teria produce great changes in the materials in which they grow, 
and the processes by which these changes are brought about are 
known, as previously stated, under the general name of fermenta- 
tions. Bacteria are found distributed nearly everywhere in the soil, 
in the air and in water. They are always present in large numbers 
wherever vegetable or animal matter is undergoing decay. They 
are, therefore, always closely associated with dirt and filth. While 
some are the cause of dreaded diseases, most of them are either 
harmless or actively helpful in many ways. 

(2.) Unorganized Ferments or Enzymes are chemical substances 
or ferments, without life, capable of causing marked changes in 
many complex organic compounds, the enzymes themselves under- 
going little or no change. Many enzymes are produced directly by 
bacteria, while many are formed in higher plants and in animals. 
The pepsin found in the. human stomach is an enzyme; its special 
activity enables it to change proteid compounds from insoluble to 
soluble forms. The ptyalin contained in saliva is another enzyme, 
and is capable of changing starch into sugar. Babcock and Russell 
discovered in milk, a few years ago, an enzyme called galactase 
which has the power of coagulating and then dissolving milk-casein. 
Another enzyme of interest in dairying is rennet, a small amount o? 
which can coagulate many thousand times its own weight of milk 
Enzymes are destroyed by high temperatures and by many disinfect: 
ants. Scme substances, like ether and chloroform, do not seriously 
interfere with the activity of enzymes, while they do destroy bac- 
terial activity. 


10. Sources of Bacteria in Milk. 


Milk, when drawn with careful precautions from the udder of a 
cow, contains comparatively few bacteria; but milk obtained and 
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handled under ordinary conditions, is found to contain large num- 
bers, often several hundred thousand in one cubic centimeter (some- 
what less than one-quarter of an ordinary teaspoonful). The more 
dirt there is in milk, the more bacteria there will be. Bacteria and 
dirt always go together in dairy matters. The bacteria found ia 
milk come from the following sources: 

(1) Dairy Utensils. Primarily the milk-pails, strainers and milk- 
cans. The cracks and joints of all utensils made of tin, unless great 
care in cleaning is used, contain dirt that holds large numbers 
of bacteria. Rust and imperfect soldering of joints furnish places 
for dirt to get out of easy reach. Without prompt and extreme care, 
strainers easily become filthy and are then simply breeding places 
for bacteria. When milk cans are used for carrying back to the 
farm from the cheese factory or creamery whey or skim-milk, the 
cans often are not cleaned promptly, and, when finally attended to, 
are not treated with proper thoroughness. Through the medium of 
a dirty skim-milk tank or whey-vat, filth germs of one form may 
be distributed throughout the whole neighborhood. Even epidemics 
of typhoid fever have been traced to this source of infection. 

(2.) Udder Cavity—The milk first drawn usually contains more 
bacteria than that drawn later. The end of the teat furnishes a 
good place for bacteria to grow, and some are able, sooner or later, 
to penetrate upward through the milk duct into the milk cistern 
and grow there to some extent. The first streams of milk drawn 
serve to wash out the lower portion of the milk cistern and the 
duct, and thus carry down bacteria in larger numbers than appear 
later. 

(3.) Bodies of Cows.—The hair on cows favors the accumulation 
of dirt and dust. The condition is worse in proportion as cows are 
not regularly and thoroughly cleaned. Dust particles and hairs, 
‘aden with bacteria, are in position to drop into the milk pail. While 
the hairs and coarse chunks of dirt may be removed from milk by 
atraining, the bacteria are, in large part, washed off into the milk and 
cannot be removed by any ordinary process of straining. 

(4.) Milkers——The hands and clothing of a milker may easily be 
loaded with bacteria and thus become a source of infection. Par- 
ticularly objectionable is the filthy practice of some milkers of moist- 
ening the hands with milk. 

(5.) Air of Stable-—A dirty condition of the floors, walls and ceil- 
ings of a stable all tend to contaminate milk. Any condition in 
the stable that affords a supply of floating dust at the time of milk- 
ing furnishes additional bacteria for milk. 
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11. Sources of Contamination besides Bacteria. 


While many of the undesirable flavors of milk are due directly to 
the result of bacterial action, milk may acquire taints that are not 
dependent on a bacterial origin. Milk, as it comes from a cow, 
possesses a peculiar “cowy” odor, due to direct absorption of vola- 
tile substances within the animal. This odor usually disappears 
quickly, when milk is exposed to the air; but it becomes abnormal 
in quality and persistence when a cow eats such things as leeks, 
turnips, cabbage, rag-weed, ete., a few hours before milking. If 
milk is not drawn for eight to twelve hours after such food is eaten, 
such taints either disappear or are greatly diminished. The same 
experience in milder form may come from the use of some green 
fodders, such as rape and green rye, and from the feeding of exces- 
sive quantities of swill, brewers’ grains and distillery slops. 

If milk, after being drawn, is exposed to contact with strong odors, 
such as those coming from manure or other decaying organic matter, 
or even from ensilage, it readily absorbs them. Milk, whether warm 
or cold, possesses a very striking power for absorbing and holding 
volatile odorous substances. 


12. Kinds of Bacteria in Milk. 


Many different kinds of bacteria have been found in milk. Some 
appear to be very generally present, others only rarely. Many of 
them have little or no appreciable effect upon milk or upon human 
beings; while some furnish products that are distinctly beneficial, 
others produce only injurious effects in milk, imparting to it bad 
flavors or unpleasant appearance, and, in some cases, even causing 
the formation of violent poison. It is also possible that the bacteria 
causing dread diseases may be found in milk in some instances. 
We present below the chief classes or types of bacteria that give 
rise to the fermentations most commonly occurring in milk. 

(1.) Lactic Acid Fermentation or Souring of Milk.—The souring 
of milk is due to the formation of lactic acid, which is produced by 
the action of lactic acid bacteria upon the sugar in the milk. In 
this form of fermentation, one can begin to taste the acid when 
it amounts to about 0.3 per cent. of the milk. As the amount of 
acid increases to 0.4 per cent., the milk begins to curdle or thicken, 
and, as the amount of acid increases above this, the curd becomes 
more solid. These bacteria continue actively converting milk sugar 
into lactic acid until the acid reaches 0.8 to 1 per cent. of the 
milk, and then they cease their activity, because they cannot live 
ia a solution containing this amount of acid. Their activity is 
stopped by the accumulation of the product of their own activity 
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and not because the supply of milk-sugar runs out, for, when they 
cease their activity, about three-quarters of the milk sugar still 
remains unconsumed. There are several different kinds of bac- 
teria that can convert milk sugar into lactic acid. The tempera- 
ture most favorable to the growth of lactic acid organisms in 90 
degrees F. to 95 degrees F. Below 80 degrees F. they gradually 
lose their activity and practically cease at 50 degrees F. At 105 
~ degrees F. they are fairly inactive, many are killed at 135 degrees 
F. to 140 degrees F., and at 150 degrees F. to 160 degrees F. all are 
killed. While this fermentation spoils milk for the taste of most 
people, it is a very essential factor in the manufacture of butter 
and cheese, as will be seen later. It is quite commonly thought that 
milk is peculiarly liable to sour during thunder storms, as the 
result of some peculiar electrical or other influence. The hot 
weather preceding such storms favors the more rapid growth of the 
lactic acid germs, and this is the proper explanation. Milk free 
from such germs never sours during thunder storms. 

Some of the bacteria that act upon milk-sugar form large quan- 
ities of gases, especially carbon dioxide and hydrogen, and these 
gases are responsible in cheese-making for “floating” curds and 
“huffing” cheese. 

(2.) Fermentations Affecting Milk-Casein.—Occasionally milk- 
curdies without souring. This is caused by the action or rennet-like 
enzymes or ferments which certain bacteria produce. The samz 
bacteria usually produce a second enzyme, which dissolves the coagu- 
lated casein. Some bacteria form only the dissolving or digesting 
enzyme, in which case the casein is slowly rendered soluble without 
previous coagulation. The bacteria that affect casein do not grow 
in the presence of lactic acid, and as the lactic acid bacteria usually 
develop more rapidly, they soon stop the growth of the former. 
In the absence of lactic acid bacteria, the digesting organisms are 
apt to grow. There are other forms of fermentation that act upon 
milk-casein and result in the production of substances having ex- 
tremely offensive odors and disagreeable taste. In some cases . 
poisonous products are formed, as, for example, tyrotoxicon, com- 
monly known as cheese poison. 

(3.) Butyrie Acid, or “Rancid” Fermentations.—Some organisms 
act upon milk-fat or butter-fat, forming free butyric acid, thus pro- 
ducing the odor and taste of “rancid” butter. These bacteria grow 
slowly under ordinary conditions and do not commonly become ac- 
tive in milk, unless kept a long time, but they find their way into 
butter and, under favorable conditions, develop there to the dis- 
advantage of the flavor of the butter. 
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(4.) Less Common Forms of Fermentation in Milk.—The kinds of 
bacteria described above are found commonly occurring in milk, 
but there are others which appear only occasionally, and some of 
these will now be briefly considered. 

Most dairymen sometimes have milk that fails to sour or curdle, 
but after a few hours begins to be slimy and finally can be drawn 
out in long threads. This condition more commonly appears in 
cream. The trouble may be due to diseased udder, in which case 
it is apparent at once when the milk is drawn. The form which 
does not appear at once after milking is due to bacteria. Other 
abnormal forms of fermentation in milk result in producing alcohol, 
bitter milk, soapy flavor, fishy flavor, red, blue and other colors. 

(5.) Disease Germs in Milk.—Milk furnishes a medium in which 
many disease germs can readily develop. Some disease-producing 
bacteria are capable of being transmitted directly from a diseased 
cow to a human being through the milk. It is quite generally be- 
lieved that if milk is taken from a cow suffering with tuberculosis 
in the udder, it will be fairly sure to contain tuberculosis germs; 
and such milk taken into a human body may produce tuberculosis. 
Other disease-producing bacteria may get into the milk after it is 
drawn, having nothing whatever to do with the cow. Such are 
germs causing typhoid fever, scarlet fever, diphtheria and diarrhoeal 
diseases, such as cholera infantum. Such disease germs may get 
into milk from a case of illness on the premises where the cows are 
milked, through the carelessness and ignorance of the members 
of the household. 


CHAPTER III. 


PREPARATION OF MILK FOR MARKET. 


™ the preceding chapter we have seen that bacteria of different 
kinds get into the milk in various ways and, under conditions favor- 
able to their activity, cause fermentations that may result in rend: 
ering milk totally unfit for sale. Therefore, the chief aim to be 
kept in mind in preparing milk directly for market is practically 
this, how to keep under control the growth of bacteria to such an 
extent that injurious fermentations shall not take place to any 
marked degree. Three general methods are in use for securing con- 
trol of fermentations in milk: (1) Keeping bacteria from getting 
into milk, (2) preventing growth of bacteria already in milk, and (3) 
destroying bacteria already in milk. We will now consider these 
methods separately. 
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18. Keeping Bacteria from Getting into Milk. 

We have previously seen that the common sources which are re- 
sponsible for furnishing the bacteria that are found in milk are (1) 
the air of the stable, (2) the body of the cow, (8) the person of 
the milker, and (4) the dairy utensils with which the milk comes 
into contact. We have also seen that the one common source of 
bacteria in all these cases is dirt. Hence, the one thing needful to 
prevent bacteria getting into milk is extreme cleanliness at every 
point of contact with the milk. The following suggestions are given 
to indicate what is meant by cleanliness in connection with milking 
and caring for milk. 

(1.) The Stable-—Every condition about:the stable should be regu- 
lated with reference to absence of dirt, an abundant supply of pure 
air, and a direct exposure to sunlight. The floors should be tight 
and of a material not readily absorbing liquids. An abundance of 
clean bedding should be used, and the manure should be removed 
more frequently than once a day, and, in any case, not immediately 
before milking. The walls and ceiling should be swept often enough 
to prevent the accumulation of dust. Once a year, at least, it is 
wise to clean the whole stable with extreme care and then go over 
the whole with a generous coat of whitewash. At such a time, the 
stable should be thoroughly disinfected, if there have been any con- 
tagious diseases in the stable. The surroundings outside of the 
stable should be kept in a clean condition, so as not to interfere 
with the supply of pure air. 

(2.) The Body of the Cow.—Too much pains cannot be taken to 
keep the cows clean. In addition to regular currying and brushing 
all over, the udder and adjacent portions of the body should be 
carefully brushed before milking and also wiped with a damp, clean 
cloth. The udder should also be wiped after milking. 

(3.) The Milker should wash his hands carefully before milking 
and have them perfectly dry while milking. It is also desirable to 
have a special coat or jacket for milking, made of some material that 
will not catch or hold dust easily. 

(4.) The Dairy Utensils—AI utensils that come in contact with 
the milk, such as milk-pails, milk-cans, aerators, etc., should be 
made of metal, preferably of pressed tin, with smooth, well-flushed 
joints and perfect seams. They should be kept entirely free from 
rust. Such vessels should never be allowed to dry when dirty, as 
dried particles of milk are particularly difficult to remove. In clean- 
ing dairy utensils, rinse them first with lukewarm water and then 
wash them thoroughly in hot water, using scap or washing soda. 
Then rinse them with hot water and complete the cleansing, if 
possible, by exposing to a jet of live steam for three to five minutes. 
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When practicable, expose them finally to direct sunlight for a few 
hours. Strainers should be washed immediately after using, clean- 
ing first in tepid water, following with hot water and soap and finally 
with hot water and steaming or boiling. 

(5.) Time of Feeding.—Foods having marked odors should be fed 
only after milking and then at once, and none should be left in the 
stable. Dry fodders, which furnish dust, should likewise be fed after 
milking. 

(6.) Diseased Milk.—The milk of diseased animals should not be 
used nor that of animals fresh in milk before the ninth milking. 

(7.) Contagious Diseases.—No person suffering from, or recovering 
from, a contagious disease, nor any person that has anything to do 
in caring for such a person should be allowed to have any contact 
with the dairy. 

(8.) Removal from Stable and Subsequent Treatment.—As soon as 
each cow is milked, the milk should be removed from the stable to 
some room free from all bad odors and with cleanly surroundings. 
The milk should be at once strained through a brass-wire strainer, 
having not less than fifty meshes to the inch, and also through three 
or four thicknesses of cheese-cloth. Still more effective results in 
straining can be secured by the use of absorbent cotton, though its 
expense makes its use impracticable under ordinary conditions. 
After straining, cool to 50 degrees F., or below, 


By observing precautions like these, it is easily possible to reduce 
the number of bacteria in the milk to such an extent that the milk 
will keep eighteen to twenty-four hours longer than ordinary milk. 
Precautions like the foregoing for keeping bacteria out of milk are 
practicable, where one owns a herd of cows and has all conditions 
under personal control; but it is another matter when it comes 
to making some one else observe them. So, when milk is not under 
one’s control, the next best thing is to prevent the growth of the 
bacteria already in the milk, and this may be done by use of low 
temperature in keeping the milk or by heating the milk first and 
then cooling. One method prevents or delays the growth of bac- 
teria without destroying the germs themselves, while the other de- 
stroys most of the bacteria. 


14. Preventing or Delaying Growth of Bacteria in Milk. 


Whether precautions have been taken or not to keep large numbers 
of bacteria from getting into milk, it is necessary, as soon as milk 
is drawn, to cool it quickly, and the lower the temperature, the 
better. At temperatures below 50 degrees F., the rapidity of growth 
of the bacteria is greatly lessened. In connection with the cooling 
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of milk, it is well, at the same time, to aerate it, in order to remove 
the natural “animal” odor or any other odor that may have been 
absorbed by the milk after milking. There are several special forms 
of aerators in the market (see Figs. 1 and 2) that serve for both cool 


mm 


Fig. 2. Champion cooler and aerator. 


ing and aerating the milk at the same time. The main points to 
be considered im selecting an aerator or a combined aerator and 
cooler, are simplicity of construction, ease of management, effective- 
ness in cooling and aerating and convenience in keeping clean. 
Aeration must always take place in an atmosphere as free as possible 
from bacteria; otherwise the process will only increase the number. 
The use of low temperatures in keeping milk gives the best results 
only with the milk that is most free from bacteria. 


15. Destroying Bacteria in Milk. 


In the case of milk that contains large numbers of germs, the 
most effective way to keep the milk from souring and from the devel- 
opment of other forms of fermentation is to destroy the bacteria. 
This may be best accomplished by heating the milk. While it is 
possible to add to milk chemicals that will destroy bacteria without 
affecting the composition or taste of the milk, the use of preserva- 
tives is very generally condemned for this purpose on the ground 
that they may injuriously affect the health of people using milk 
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thus treated. The use of preservatives, such as salicylic acid, bor- 
acic acid, formalin, etc., for the purpose of keeping milk is not to 
be recommended. In employing heat to kill bacteria, two general 
methods have been used, known as pasteurizing and sterilizing. 

(1.) Pasteurizing Milk.—In pasteurizing milk for market, it is 
heated to 140 degrees I., and held at that temperature for twenty or 
thirty minutes. Formerly, higher temperatures were used, but it 
was found that milk, heated above 156 degrees F’. acquired a “cooked” 
taste and that the cream did not readily rise. While the lower tem- 
perature does not destroy all germs, it destroys most of them and 
greatly improves the keeping power of milk. To secure best results 
in pasteurizing, it is desirable to use milk as fresh as possible. Milk 
containing 0.2 per cent of lactic acid does not give good results. The 
fewer bacteria milk contains before pasteurizing, the better will 
be the results of pasteurization. It is also very essential in pasteur- 
izing that the heated milk should be cooled down at once to 50 de- 
grees I’., or lower. It should also be stored in germ-free bottles 
or other vessels and kept cold until it is delivered to the customers. 
When used by children, pasteurized milk should be consumed within 
twenty-four hours after treatment. If pasteurization is properly 
carried out, the milk should remain sweet, even at ordinary tempera- 
tures, one and one-half to two days longer than ordinary milk not 
so treated. 

There are on the market several forms of machines for pasteurizing 
milk. The best machine should possess the following qualifications: 
(a) Compact form, (b) ease of keeping clean, (c) complete control of 
temperature, (d) ability to heat milk quickly, completely and uni- 
formly, (e) freedom from liability of additional germs getting into 
the milk during the operation of pasteurizing. 

The pasteurization of milk has the following advantages: (a) It 
increases the keeping quality of milk. (b) It destroys disease-germs, 
especially those of tuberculosis. (c) The taste and digestibility of 
milk are not changed. (d) The process is practicable on a large 
or small scale. 

(2.) Sterilizing Milk—In order to render milk absolutely free from 
all bacteria and their spores, it is necessary to heat milk above 
212 degrees F. for an hour on each of three successive days, thus 
giving all spores a chance to develop into active forms, which are 
then more readily killed. Simple boiling is effective in destroying 
practically all living disease-germs. Sterilized milk is objectionable 
for several reasons: (a) It has the characteristic taste of “cooked” 
milk, which is unpleasant to most people. If people had only steri- 
lized inilk to drink, very much less would be used.  (b) Sterilized 
milk appears to be less digestible, especially in the case of children 
and invalids. 
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CHAPTER IV. 


CREAM. 


16. Composition of Cream. 


Cream is the fluid product, rich in milk-fat, obtained by removing 
milk-fat from milk in any manner, along with some portions of other 
milk constituents. Cream contains the same constituents as milk, 
but in very different relative proportions. Cream containg much 
more fat than does milk, but less of the other constituents. Cream 
varies greatly in its fat content, ranging all the way up from 10 per 
cent. or less. Market cream often contains less than 15 per cent. 
of fat, but good cream for domestic use, at the prices commonly 
charged, should contain 20 to 25 per cent. of fat. The amount of 
fat in cream depends upon a variety of conditions, but chiefly the 
method employed in removing the cream from the milk. For illus- 
tration, we give the composition of several different samples of cream 
in the following table: 


a aie 7 a ae Ta 
Per cent. of Per cent. of 
Per cent. of water.| Per eent. of fat. | casein and albu- sugar. Per cent. of ash. 
min. 
ee ea | 
76.60 15.0 3.1 4.5 0.6 
66.30 25.0 3.2 4.8 0.7 
62.40 $1.5 2.6 3.0 0.5 
89.40 56.0 1.6 2.3 0.4 


In the separation of cream, the individual fat-globules are not in 
any way affected; they are simply crowded together in less space 
than in milk. 


17. Separation of Cream. 


The fat-giobules in milk are relatively lighter than the milk-serum, 
in which they float free in the form of an emulsion. When milk is 
permitted to remain quiet in a vessel, the fat tends to rise and ac- 
cumulate at the surface of the liquid, owing to its lighter specific 
gravity, relative to milk-serum. In thus passing up through the 
milk, the fat-giobules mechanically carry with them some of the 
inilk-serum. Until recent years, cream was all produced by allowing 
the fat-globules to separate by gravity, but there have come into 
gradual use machines that are used to separate cream from milk 
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by means of centrifugal force. Hence, we have in use two general 
methods of cream separation, (1) the gravity system, and (2) the 
centrifugal or separator system. 


18. Gravity Method of Cream Separation. 


The gravity method of cream separation has been used in two dif- 
ferent forms, one known as the “shallow-pan” system and the other 
as the “deep-setting” system. 

(1.) Cream Raising by Shallow-Pan System.—This is the oldest 
method employed in separating cream from milk. It is still em- 
ployed in many small dairies. To obtain the best results with this 
method, the milk should be placed in the pans at once after milking 
and should be cooled to 69 degrees F. within a reasonably short 
time, and should then remain quiet at about that temperature for 
thirty-six hours or more. The depth of milk in the pan may be 
from two to four inches. When cold running water can be used to 
surround the pans ,the depth may be from four to six inches. Ordi- 
narily a cool, clean cellar, well ventilated, furnishes good condi- 
tions. Any place where the milk can be exposed to bad odors or to 
dust should be avoided. There are some serious objections to this 
method of creaming, among which may be mentioned (a) exposure 
of a large surface of milk to air for a long time, thus giving unusual 
opportunity for bacteria to get into the milk; (b) a temperature 
permitting the rapid increase of bacteria by growth; (c) incomplete 
separation of fat-globules from the milk serum; (d) wasteful loss 
of cream in skimming; (e) drying out of cream, making it liable 
to go into butter in dried chunks and injure the texture. (f) The 
amount of acid in the cream is apt to become too great, thus injuring 
the flavor of the butter. It has been found that skim-milk obtained 
by the shallow-pan system of creaming seldom contains less than 
0.5 per cent. of fat, while the average of actual practice is much 
higher, amounting to about one-fifth of the entire fat present in the 
milk, 

(2.) Cream Raising by Deep-Setting System.—This method has 
been in use betwe.n thirty and forty years, probably reaching its 
most extensive use ten years ago. It was found that by using long 
pails or cans, not more than a foot in diameter, and placing these, 
filled with fresh milk, in a tank of water kept at 40 degrees F., the 
cream would separate more completely and in much less time than 
it would when raised in shallow pans, twelve to twenty-four hours 
being sufficient for the separation. This system is capable of re- 
ducing the loss of fat in skim-milk to 0.2 per cent., when the most 
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favorable conditions are present. This method also has the advant- 
age of greatly diminishing the amount of exposure to air, thus pre- 
venting additional bacteria getting into the milk from the air dur- 
ing the creaming process. Owing to the low temperature employed, 
the growth of bacteria in the milk is greatly retarded. To use this 
system satisfactorily, ice is necessary. The cream raised by the 
deep-setting method is not very rich, usually containing between 15 
and 20 per cent. of fat. 

In the gravity method of cream-raising, the rapidity and complete- 
ness of separation of cream are dependent upon several different 
factors, among which may be mentioned (a) the size of the fat-glo 
bules, (b) the amount of solids in the milk-serum (the solids-not-fat), 
and (c) the relative proportions of the different solids in the serum. 
She larger fat-globules separate from the milk more quickly than 
the smaller ones do. The size of fat-globules varies with individual 
cows, with breeds, with advance of the period of lactation, and 
with other conditions. The fat-globules in the milk of cows fresh 
in milk are larger than later in the lactation period, decreasing im 
size as the cow is farther from the beginning of her period of lac- 
tation. The solids-not-fat in milk, that is, the casein, albumin, sugar 
and mineral salts cause milk to have the property of what is called 
viscosity; by this is meant the power of adbering to other solid 
things. The presence of these solids in milk gives milk the power 
of adhering to fat-globules, thus offering resistance to their tend. 
ency to rise or move in any direction. Now, the greater the amount 
of these solids-not-fat in milk, the more opposition do the fat-globules 
have to overcome in rising, and the more slowly and incompletely 
does such milk cream. It is well known that, as a cow gets farther 
along in her lactation period, the casein and albumin increase more 
rapidly than do other constituents and they greatly increase this 
viscosity of the milk. Hence, with advance of lactation, we have 
two different factors increasing all the time in the milk that inter- 
fere with the raising of the cream, viz: decrease in size of fat-globules 
and increase of viscosity. This explains why the gravity method 
of creaming gives less satisfactory results when a cow is far along 
in milk than when she is fresh. To overcome these adverse condi- 
tions, various expedients have been tried, the most common being 
dilution of the milk by water, both warm and cold. The advantages 
secured in this way are doubtful and the disadvantages accompany- 
ing such a practice are considerable. 


19. Separation of Cream by Centrifugal Force. 


It is not our purpose to discuss the details of the mechanism of 
centrifugal machines or to describe the different varieties in the 
market. We intend simply to make a few statements in regard to 
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the general principles applying to their use and the results secured. 
There are on the market many different forms of these machines, 
and between many of them there is very little choice in respect to 
their relative efficiency. If any one, not well informed about sepa- 
rators, plans to purchase one, it is suggested that it would be de- 
sirable to correspond with the Experiment Station at State College 
and obtain authoritative advice in regard to the qualities of different 
machines rather than to rely wholly upon the persuasive statements 
of agents who are ambitious to sell machines. 

All centrifugals designed for separating cream from milk are 
based upon the same general principle. The milk enters a rapidly 
whirling bowl and at once partakes of the centrifugal motion, being 
thrown by the centrifugal force to the extreme wall of the bowl. 
As the milk continues to flow in, the bowl] fills from the outside 
toward the center. The centrifugal force acts more strongly upon 
the heavier portion of the milk, that is, the milk serum or all the 
milk except the fat. Hence, the milk-serum is forced to the outside 
wall of the bowl, while the lighter portion of the milk, the fat with 
some adhering serum, is forced to the center. Tubes connect with 
the skim-milk layer at the outer wall and with the cream layer at 
the center of the bowl to carry away these products as they accu- 
mulate. The outer walls of the separator bowl gradually become 
covered with some of the solid, heavier constituents of the milk, 
including solid dirt present in the milk, forming what is known as 
“separator slime,” the composition of which we will notice later. 

(1.) Conditions Affecting Creaming Efficiency of Separators.—The 
efficiency with which separators remove cream from milk depends 
upon several different conditions, some of which we will briefly con- 
sider. 

(a.) The intensity of centrifugal force affects the efficiency of a 
separator. This increases as the diameter of the bowl increases 
and also when the bowl whirls rapidly. So, the larger the bow], and 
the greater the speed of the bowl, the greater is the contrifugal force 
and also the creaming efficiency. 

(b.) The rate at which the milk flows into the separator bowl af- 
fects the creaming efficiency. The more slowly the milk flows in, the 
longer it is under the action of the centrifugal force and the more 
completely is the fat removed from the milk. 

(c.) The temperature of the milk when run through the separator 
affects the creaming efficiency. The warmer the milk, the more 
easily the fat separates. The temperature commonly employed is 
from 76 to 98 degrees F. In producing cream for butter-mak- 
ing, the milk should be separated at as low a temperature as 
possible without diminishing the creaming efficiency, because heating 
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ihe fat-globules above a moderate temperature tends to produce but- 
ter of soft texture. 

(2.) Regulating Richness of Cream.—The richness of cream pro- 
duced by a separator is regulated by the rate at which the milk flows 
into the bowl and by the rapidity with which the bowl revolves. The 
more rapid the inflow of milk or the slower the speed of the bowl, the 
larger the quantity of cream and the poorer in fat. Most machines 
are provided with special arrangements for regulating the richness 
of cream without changing the rate of inflow or rapidity of motion. 

(3.) Creaming Efficiency of Separators.—A good centrifugal sepa- 
rator should not leave more than one-tenth of one per cent. (0.1 per 
cent.) of fat in the skim-milk, when it is run under proper conditions. 

(4.) Promptness in Separating Milk.—Milk should be separated 
as soon as practicable after milking, and the cream should be cooled 
down to 50 degrees F., or below. 

(5.) Advantages of Creaming by Centrifugal Machines.—Among the 
advantages that may be mentioned in favor of employing centrifugal 
machines in separating cream from milk are the following: 

(a.) There is a great saving of fat. Gravity systems of creaming 
leave, on an average, 0.5 per cent. of fat or more in the skim-milk, 
while good separators properly handled should not leave more than 
0.1 per cent. In a large number of comparative experiments made 
by the writer, where milk from different breeds of cows was creamed 
both by the deep-setting gravity system and by centrifugal machine, 
it was found that the separator effected a saving of fat amounting 
to twenty-four to sixty-five pounds a year for each cow. In the form 
of butter, at twenty cents a pound, this saving for each cow would be 
equivalent to $5.00 to $15.00 a year. 

(b.) In the case of cream separation by the gravity system, the 
composition of the cream is not under satisfactory control, and will 
vary, even under the most uniform conditions of creaming, 5 per 
cent. of fat or more. One can never be sure in advance of what the 
fat content of gravity-raised cream will be. In the case of cream 
separated by a centrifugal machine, one can so regulate the condi- 
tions as to produce cream with just the desired amount of fat in it. 
It is thus easy to produce a product that is uniform in composition, 
since the conditions are under easy control. In the case of produc- 
ing cream for sale as such, it is very important that the product shall 
be uniform from day to day. 

(c.) Separator cream is more free from dirt and bacteria and will 
keep longer than will gravity cream. Most of the dirt in milk in 
the form of solid particles is completely removed by the centrifugal 
separator, as the appearance of the separator slime abundantly 
testifies. 
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(d.) The skim-milk produced by separator creaming is sweeter 
and more free from bacteria and dirt than that produced by gravity 
creaming. Separator skim-milk is, therefore, better for feeding pur- 
poses. 


20. Artificial Thickening of Pasteurized Cream. 


When cream is prepared to sell for immediate consumption as 
cream, its keeping power can be very greatly increased by pasteur- 
izing at 140 degree F., without affecting its taste. However, some 
of the physical properties of the cream are so changed by pasteur- 
izing that it appears thinner after pasteurization, though containing 
the same amount of fat. Pasteurized cream, therefore, gives the im- 
pression of being poorer in fat, and is much more difficult to make 
whipped cream from. Babcock and Russell have devised a simple, 
effective and absolutely harmless method of restoring the preper 
consistency or body, to pasteurized cream. This consists in the 
addition of a small amount of “viscogen,” which is an entirely harm- 
less compound made from lime-water and ordinary granulated sugar. 
Viscogen is prepared as follows: Take two and one-half parts, by 
weight, of granulated sugar and dissolve in five parts of water. To 
this add some lime-water prepared thus: To one part of quick-lime 
add three parts of water, stir thoroughly until the lime is completely 
slaked, strain and this liquid, which is simply lime-water, is added 
to the solution of cane sugar. The mixture of lime-water and cane 
sugar is shaken or stirred at intervals for two or three hours, after 
which it is allowed to stand until settled. Then the cleared liquid 
is poured off and stored in tightly-stoppered bottles ready for use. 
Of this liquid, thus prepared, add cne ounce to three gallons of cream 
and stir thoroughly. Sometimes a little more is needed. As many 
States have stringent laws against the addition of any kind of foreign 
substance to milk or cream, cream to which viscogen has been added 
should not be sold as simple cream, but as a special preparation of 
cream. ‘Moreover, customers should be given the choice of buying 
cream with or without viscogen, as some people have a prejudice 
against additions of any kind to their dairy food products. How- 


ever, the use of viscogen is just as harmless to health as the use of 
so much common salt. 


21. Profits Derived from Selling Cream. 


There is no form under which milk can be sold at so great a net 
profit as in the form of cream. The labor involved and the cost 
of preparation are much less than in the case of making butter or 


cheese. The skim-milk may all be kept on the farm, while in the 
35 
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case of milk-selling and cheese-making there is none. At the market 
rates commonly prevailing for dairy products, the price received for 
cream is higher, relative to its cost of production, than is the price 
of an equivalent amount of milk, butter or cheese. An investiga- 
tion made by the writer some years ago indicated that the net profit 
from selling cream is nearly three times that from butter, nearly four 
times that from selling milk and about seven times that from selling 
cheese. While the demand for cream is limited, it has been steadily 
increasing. Any dairyman, so circumstanced that he can dispose of 
his milk in the form of cream directly to customers, should make an 
effort to develop this form of trade. 


22. Composition of Skim-Milk. 


Skim-milk is the product, containing water and milk-solids that 
remains when any portion of fat normally present is removed from 
milk in the form of cream by any means whatever. It is essentially 
milk-serum with some milk-fat in it. Skim-milk varies in composi- 
tion according to the composition of the milk before skimming, and 
according to the method of creaming. 

(1.) Difference in Composition of Gravity and Separator Skim-Milk. 
—Separator skim-milk differs in composition from gravity skim- 
milk chiefly in the amount of fat present. The following figures 
serve as a good illustration to show the difference in such composi- 
tion: 
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2.) Difference in Composition of Skim-Milk from Different Kinds 
of Milk.—We will illustrate next the difference in composition of 
skim-milk due to difference in composition of the original milk 
before skimming. For this purpose, we will consider only the total 
solids of the milk, as this will sufficiently illustrate the point we 
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wish to bring out. We will assume that each of the milks repre- 
sented is creamed by a separator and that all of the fat but one- 
tenth of one per ceat. is removed: 
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There has been common an idea that the skim-milk from milk 
rich in fat is of inferior quality to skim-milk from milk less rich 
in fat. The figures above show that this idea is erroneous. The 
richer a milk is in fat, the richer it is in solids-not-fat, that is, skim- 
milk solids. A hundred pounds of skim-milk from rich milk con- 
tains more casein, albumin and milk-sugar, as a rule, than will a 
hundred pounds of skim-milk less rich in fat, provided, of course, 
that the method of removing fat is the same. 

Some writers have made a distinction in name between skim-milk 
obtained by the gravity process of creaming and that obtained by 
ihe separator process, calling only the former skim-milk, and ap- 
plying the term “separated milk” to separated skim-milk. The dis- 
tinction is without justification and quite uncalled for, since skim- 
milk is the product left after removing fat from milk, without refer- 
ence to the methed employed in removing the fat. 


23. Valuable Uses of Skim-Milk. 


Skim-milk has come to have a variety of uses, giving it a definite 
value. To the dairy farmer, the most valuable use to which he 
can put skim-milk is, undoubtedly, as food for animals. The com- 
position of skim-milk, as given above, shows considerable quantities 
of casein and albumin and milk sugar, all of which are important 
food constituents in forms readily digestible. Skim-milk should 
preferably be fed sweet, as some of the sugar is lost by fermenta- 
tion, and marked acidity does not always agree with the digestion 
of young animals. Skim-milk may be fed to advantage in connection 
with other foods to all kinds of farm animals. 
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Skim-mitk is also a valuable food for human beings, both in the 
form of a beverage and in cooking. It-should be used much more 
extensively than it is. Unfortunately, dishonest milk dealers have 
tried fraudulently to sell skim-milk as whole milk, so that the sale 
of skim-milk has to be attended with annoying restrictions. 

Skim-milk is also used in considerable quantities in the manufac- 
ture of cottage-cheese. 

The casein of skim-milk is used for a variety of purposes, among 
which may be mentioned, its use as sizing or dressing in the manu- 
facture of paper as a substitute for celluloid, and as a constituent 
of plastics for a great variety of purposes. 


24. Composition of Separator-Slime. 


The separator-slime, which collects on the walls inside the sepa- 
rator-bowl, consists largely of milk-casein, in which are collected all 
kinds of solid impurities contained in the milk, such as dust, fine par- 
ticles of hay, ground grain, dung, cow hairs, etc. It is heavily loaded 
with bacteria. The chemical composition of separator-slime is about 
as follows: 
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On an average, 2,500 pounds of milk produce one pound of separator- 
slime. The amount increases with the amount of dirt present in the 
milk. 


CHAPTER Vi. 
BUTTER-MAKING. 


In taking up the subject of butter-making, we assume that we 
have the cream to start with. The question is sometimes asked 
why it is necessary to remove cream from milk for butter-making, 
why not churn the milk itself? Experiments in churning milk 
have never succeeded in removing the fat from the milk at all com- 
pletely and the method results in large losses of fat with conse- 
quent decrease in yield of butter. 
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In the case of cream that has been separated by a centrifugal 
machine, it is important to cool the cream to 50 degrees F. or below, 
without delay, and to hold it at this temperature for six or eight 
hours. This cooling appears to be important, in order to obtain 
butter with sufficiently firm texture. In general, it may be said that 
we shall be most successful in making butter having the best texture, 
when the milk and cream are subjected to the fewest changes of 
temperature and when the changes of temperature that are needed 
are made in the most gradual, uniform manner. 

After having the cream in the condition indicated above, we per- 
form the following different operations in making butter: 

(1.) Ripening the cream. 

(2.) Churning. 

(8.) Washing and working. 
(4.) Salting. 

(5.) Packing. 

After considering the composition of butter, we will take up, 
in their proper order, the different operations required for making 
butter. 


25. Composition of Butter. 


The composition of butter varies considerably, according to the 
methods and conditions of manufacture. The principal variations 
are in the fat and water. The following tabulated statement serves 
to give an idea of the usual limits of variation in composition of 
American butters, but there are extreme cases lying outside the 
limits here given: 
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Good commercial butter should contain over 80 per cent. of fat, 
and not more than 15 per cent. of water or 38 per cent. of casein, 


26. Ripening Cream for Butter-Making. 


The ripening of cream is essentially the process of developing 
enormous numbers of certain kinds of bacteria in cream, the most 
prominent ones in point of numbers and visible activity being lactic 
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acid bacteria. When butter is made in the old way, the cream is 
allowed to stand until it ripeos spontaneously, no attempt being 
made to control the process. As the result of the fermentations 
that occur in the ripening process, many complex changes take place 
in cream, the details of which are not fully understood. The most 
obvious results brought about by cream-ripening may be included 
under three general heads; (1) The formation of lactic acid, (2) the 
development of products that have charactertistic odors, and (3) the 
formation of substances that yield a characteristic taste on the 
tongue. To what extent these effects are produced by special organ- 
isms, we have little detailed knowledge, aside from the work of lactic 
acid bacteria in producing lactic acid. The real sources of the flavors 
of ripened cream we do not know specifically, nor do we know what 
these specific compounds are that give rise to the flavors. The 
amount of lactic acid formed is used as a measure of the extent 
or degree of cream-ripening, but other forms of fermentation are 
known to be present at the same time, at least during the early 
portion of the ripening process. Butter may be made from cream 
that has not been ripened at all, that is, from sweet cream, or it 
may be made with the help of artificial acid added to cream, but in 
neither case do we make a product that is in flavor like butter made 
from ripened cream. 


27. How Lactic Acid is Produced in Cream Ripening. 


In order to have the lactic acid fermentation of cream ripening, 
lactic acid bacteria must be present in the cream and the cream 
must be kept at a temperature favorable to their growth. We may 
leave the cream to receive the bacteria by chance, or we may intro- 
duce them into the cream purposely. In the old-style method of 
butter-making, the former method is employed. We have already 
seen (section 12, p. 567), that milk nearly always contains lactie acid 
bacteria. During the operation of creaming, these bacteria usually 
develop to such an extent that, when the cream is exposed to higher 
temperatures, fermentation proceeds rapidly. However, under such 
circumstances, the rate of fermentation is not uniform in different 
lots of cream; at one time more lactic acid is formed, and at another 
less, during a given time, because the number of bacteria will in- 
evitably vary greatly when their introduction is left to chance. 

The formation of lactic acid can be controlled in respect to time 
and quantity, when we introduce the lactic acid bacteria purposely 
in sufficient quantities. Material, containing large numbers of lactic 
acid organisms, which is used to add to milk or cream for the purpose 
of causing lactic acid fermentation, is known as a “starter.” There 
are two varieties or sources of starters, (1) natural, and (2) pure 
cultures. 
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(1.) Natural Starters— Among the materials used as natural start- 
ers in butter-making are buitermilk and cream from previous op- 
erations of butter-making, and whole milk or skim-milk soured under 
special conditions. While there are different ways of preparing 
natural home-made starters, the following method may be suggested 
as one that will give good results, if properly carried out: Milk is 
taken from a cow in perfect health, not too far along in lactation, 
and kept under proper conditions of cleanliness. The udder and 
under parts of the cow’s body are brushed and then wiped with 
a damp cloth, after which the cow is milked into a carefully cleaned 
vessel, the first few streams of milk from the udder being thrown 
away. The milk thus drawn is at once covered, taken to. the dairy 
and run through the separator. This skim-milk, put into a care- 
fully cleaned receptacle, is carefully covered, brought to a tempera- 
ture of 90 degrees F., after which it is placed where it will keep at 
a temperature of 65 degrees Ff’. to 70 degrees F. In twenty to twenty-. 
four hours, the skim-milk will be found properly ripened or just 
moderately thickened. In using this prepared starter for ripening 
cream, the upper portion to the depth of one or two inches is re- 
moved and thrown away, the rest is strained through a fine strainer © 
or hair seive into the cream, which should be at 70 degrees F., in 
the proportion of two pounds of starter for 100 pounds of cream. 
The starter should be thoroughly stirred into the cream, the cream 
vat covered and kept at a temperature of 65 degrees F. to 70 degrees 
IF. Usually twenty-four hours will develop the proper amount 
of acid for churning. When the cream is properly ripened, it should 
just form a soft curd, not a hard curd. In case of over-ripening, 
when the curd becomes too hard, there is danger that some of this 
coagulated casein will get into the butter and injure its quality and 
appearance. Some of this prepared starter, described above, may 
be used in preparing a starter for the day following, putting a little 
into skim-milk that has been heated to 180 degrees F. for thirty 
minutes and then cooled down to 70 degrees F., and the starter 
may thus be propagated from day to day; but this method of propa- 
gating must not be continued too long, as the starter gradually be- 
comes inoculated with undesirable forms of bacteria and sooner or 
later is unfit for use. These natural starters may be used in either 
pasteurized or unpasteurized cream. 

(2.) Pure-Culture Starters are special preparations consisting of 
certain specific selected organisms, known to be adapted to the 
work of cream ripening. There are on the market several different 
preparations for ripening cream, consisting of special cultures. Such 
commercial artificial ferments give the best results, when used in 
pasteurized cream. The chief advantage found by experience to 
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come from the use of these pure culture starters is uniformity in 
character of the butter produced and better keeping quality. Full 
directions for methods of use always accompany these special start- 
ers and we do not need to consider them here. 


28. Amount of Acid Needed for Cream Ripening. 


The ripening of cream was, for a long time, the most difficult 
step of butter-making to control, and the specially difficult point 
in this operation was to determine the amount of acid that should 
be present before churning. The appearance, odor and taste of the 
cream are guides, to some extent, as to the amount of acid formed, 
but they are far from reliable for accurate, uniform work. It is 
very important that the same amount of acid shall be developed from 
day to day in order to secure butter of uniform quality. When 
cream is ripened so as to show a test of five-tenths to six-tenths of 
one per cent. of lactic acid, it produces a higher flavored butter 
than that produced by cream ripened to four-tenths of one per cent. 
of acid. When cream contains more than sixty-five hundredths of 
one per cent. of acid, the flavor of the butter is too strong. More- 
over, in such cases, the particles of coagulated casein become very 
hard and form white specks in the butter. Such butter acquires 
bad flavors quickly. The whey should never separate from the curd 
in cream ripening. We now have an inexpensive, simple method for 
determining the amount of acid in cream, and, while the method is 
not strictly accurate, it is sufficiently close for all practical purposes 
in cream ripening. For careful work in butter-making, this method 
of determining the amount of acid in cream should always be used. 
The method is fully described in section 90, p. 658, Chapter XI. 


29. Effects Produced by Cream Ripening. 


The effects of cream ripening are seen in several different ways, 
among which we will notice the more important. 

(1.) Improved Flavor of Butter.—In order to secure butter with the 
kind of flavor required by the average consumer, it appears to be 
necessary to ripen cream. This is probably the most important and 
far-reaching effect of ripening cream. The importance of flavor in 
butter is easily obvious, when we consider that flavor more than 
any other factor determines the market price of butter. Poor cream 
ripening means poor flavor and low price for butter. 

(2.) Ease of Churning.—It has been found true, especially in cream 
raised by the gravity system, that cream churns more readily when 
ripened. This is probably due to the influence of acid upon casein. 
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(3.) Increased Yield of Butter—In ripened cream, churning ap- 
pears to remove the fat more completely from the cream, especially in 
the case of gravity-raised cream, and, consequently, the yield of 
butter is greater. 

(4.) Better Keeping Quality of Butter.—It is quite generally be- 
lieved that the keeping quality of butter is better when made from 
properly ripened cream than from cream improperly ripened. 

(5.) Greater Uniformity in Quality of Butter—It is undoubtedly 
true that only by the use of properly ripened cream is it possible 
to produce butter that is uniform in quality from day to day. This 
is a matter of the first importance to butter makers, because the 
same customers want the same kind of butter, when they once get 
the kind that suits them. 


30. Mixing Cream of Different Ages. 


It often happens that when the amount of cream produced in 
a day is small, that the cream each day is set aside and additions 
of new cream made from day to day, until enough has been accumu- 
lated for churning. There results a mixture of cream varying in 
degrees of ripeness. The different portions vary in the length of 
time in which they will churn, one portion requiring less churning 
than another. The result is that churning is stopped before all the 
fat has been removed from the cream and much fat is lost in the 
buttermilk. The flavor of butter made from such cream can hardly 
be as uniform as that made from cream uniformly ripened. If dif- 
ferent creams, varying in degree of ripeness, are to be churned 
together, it is essential that they should be mixed together, at least 
twelve hours before churning; then the degree of acidity will be 
uniform throughout the entire mass of cream. 


31. Pasteurizing Cream for Butter-Making. 


In pasteurizing cream for butter-making, less care is required 
than when cream is pasteurized for direct consumption. The cooked 
taste occurring in cream when heated above 156 degrees F. is absent 
from butter made from such cream, even when cream has been 
heated at high as 185 degrees F. High heating of cream, however, 
acts injuriously upon the texture of the butter. In using pasteur- 
ized cream for butter-making, the heated cream should be quickly 
and completely cooled after pasteurization, and the ripened cream 
should be chilled to 48 degrees F. for about two hours before churn- 
ing. Treatment in this manner overcomes the tendency of any in- 
jury occurring to the grain or texture of the butter. 
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32. Richness of Cream for Butter-Making. 


How rich in fat should cream be made for butter-making? By the 
gravity method of creaming, we obtain cream containing 15 to 20 
per cent. of fat, and by the separator we produce cream of any fat 
content desired. Good results in every respect may be obtained 
by the use of cream varying greatly in fat content. The tendency 
has been to use rather rich cream containing 35 to 40 per cent. of 
fat, in which case a lower temperature is used in churning, usually 
with loss of less fat in buttermilk. In order to ripen rich cream 
in the same length of time as poorer cream, somewhat more starter 
needs to be used, as the richer cream ripens more slowly than poorer 
cream under the same conditions. 


33. Conditions Affecting Churning. 


Churning is the term applied to the process by which the fat- 
globules of milk or cream are made to unite into visible aggrega- 
tions, and to separate from the milk-serum or buttermilk. This 
massing together of fat-golbules is usually produced by the vigorous 
agitation of cream in vessels especially constructed for the pur- 
pose, called churns. When milk or cream is agitated at a tempera- 
ture somewhat below 85 degrees F., the average melting-point of 
milk-fat, the fat-globules gradually attach themselves together, 
each of the small masses first formed continuing to increase in size 
by uniting with others, until finally the whole of the fat, thus sepa- 
rated, can be collected in one mass. The readiness with which fat- 
globules separate from cream in churning is influenced by several 
conditions, among which we may mention, as the most important, 
(1) the composition and size of the fat-globules, (2) the composition 
of the milk-serum, (3) the degree of ripeness of the cream, (4) the tem- 
perature used in churning, and (5) the kind of agitation or churn. 

(1.) Composition and Size of Fat-Globules—The readiness of fat- 
globules to separate from milk-serum and unite in visible masses 
during the process of churning, is influenced by the composition and 
size of the fat-globules. As pointed out in section 3, p. 18, milk-fat 
varies in its composition, and this variation in composition affects 
the hardness or softness of the fat. This quality is influenced by the 
character of the cow’s food. Thus, succulent feeds and feeds rich 
in starch and sugar make the fat softer. Cottonseed-meal makes 
the fat harder. Now, it is known that the fat-globules unite more 
easily in churning when they are composed of softer fat, and less 
readily when they have larger proportions of hard fat. 

In respect to the influence of the size of fat-globules upon ease of 
churning, the larger the fat-globules the more easily and quickly 
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they unite. Owing to their size, the larger ones come into contact 
more quickly and more often than do the smaller ones. 

(2.) Composition of Milk-Serum.—The albumin, casein and milk- 
sugar contained in milk or cream tend to keep the fat-globules from 
coming together easily. The larger the amounts of these consti- 
tuents, the less readily will the fat-globules come together. ‘This is 
one of the reasons why churning is often so slow and difficult in the 
ease of cream from the milk of cows far along in lactation, since 
at that time milk contains larger proportions of these constituents 
than earlier in lactation. 

(3.) Degree of Ripeness of Cream.—The fat-globules of ripened 
cream churn more readily and completely than those of sweet cream 
under like conditions, especially in the case of cream raised by 
gravity. The lactic acid coagulates the casein and thus greatly de- 
creases the strong influence it has in its usual condition to keep the 
fat-globules from coming into contact with one another. 

(4.) Temperature Used in Churning.—The condition that exercises 
most influence upon the ease with which the fat-globules unite in 
churning is the temperature of the cream. This determines, more 
than any other factor connected with churning, the hardness or soft- 
ness of the fat-globules. When the temperature is too low, the fat- 
globules are so hard that they do not stick together when they 
come into contact, and, consequently, no butter results. When the 
temperature is too high, the agitation of the fat-globules in churn- 
ing tends to break them up into smaller globules rather than to 
unite them into larger masses, thus forming a more complete emul- 
sion, more difficult to churn than the original cream. Fat-globules 
may be made to unite at temperatures as low as 46 degrees F., and as 
high as 80 degrees F. Thus, the range of possible churning tempera- 
tures is very considerable, but the quality of butter produced at differ- 
ent temperatures is very different, particularly in texture. The butter 
is in the most satisfactory condition at the end of churning, when the 
temperature of the cream during churning has been such that the 
fat-globules have united readily into firm, solid granules of butter, 
with a minimum content of buttermilk. No particular temperature 
can be prescribed for churning, as other conditions enter in to modify 
the temperature of churning, such as (a) the individuality of cows, 
(b) the stage of the lactation period, (c) the character of the food 
eaten by the cows, (d) the season of the year, (e) the thickness of 
the cream, and (f) the degree of its ripeness. The conditions men- 
tioned that are immediately connected with the cow, influence the 
composition of the milk-fat, making it harder or softer, as stated 
above. The harder the milk-fat, the higher the temperature at 
which churning should be done, and the softer the milk-fat, the 
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lower the proper churning temperature. Im the case of cream from 
the milk of cows far along im lactation, or of cows fed exclusively 
on dry feed or with considerable cotiomseed meal m the ration, the 
churning temperature usually needs to be higher. Im the case of 
cream from the milk of cows im the earlier stages of lactation, or of 
cows fed on succulent foods or foods rich im siarch or sugar, the 
churning temperature should be lower. Generally speaking, a lower 
ehurning temperature should be used im summer and a higher one 
im winter. The richer cream is im fat, the lower the temperaiure 
that can be used successfully im churning, and the poorer the cream 
is im fat, the higher should be the temperature of churning, all] tem- 
peratures, of course, beime withim the limits required for making 
butter of good quality. For example, cream coniamimeg 15 per cent. 
of fat may be churmed ai 38 degrees F. to @ degrees F.; cream 
containing 40 per cenit. of fat may be churned at 50 degrees F. 
Lower temperatures remove the fat most compleiely. Ripened 
eream ean be saiisfaciorily churned through a greaier range of tem- 
perature than sweet cream can, especially im ithe case of coream 
raised by gravity. From the foregoing staiemenis, it eam readily be 
seen that no fixed temperature can be givem as the correct ane ai 
which cream im general should be churned. 

@) Kind of Churn —Different churns are made so as to give each 
a different kind of motion to the cream in churnmmg. Thus, we have 
(a) churms with a beaiimg action, (bo) swinging, cradle and rocking 
churns, (c) horizontal churns with dash, (d) vertical churns with dash, 
end (e) churns with 2 variety of special contrivances for siirrmg the 
eream. On the whole, experience appears to show thai the best 
churns are simple barrel or box churns, entirely hollow, without 
special paddles or stirring apparatus inside. Im such churns, ihe agt 
tation of the cream is caused by the sirikimg of the particles of 
eream upon the sides of the revolving churn rather than by a siirrmg 
moticn. When paddles or other means of siirring are used in churn- 
ing, it is believed that the texture of the butter is Hable to be mm 
jered. The speed of churnime should be such that the motion of the 
eream will stop jusi short of taking on the centrifugal motion of the 
ehurn. The objeci io be kepi im view is thai the particles of cream 
shall move about agaist one another most frequenily and thus give 
the fai-globules the greatest chance to come into coniact ome wiih 
another. 


si When to Siop Churning. 


Buiter is said te “begin to come.” or to “break” when ihe fat- 
globules have formed masses sufficiently large io be readily seen 
iz the cream. From this pomi, the process of churning is soon 
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completed. In finishing the operation of churning, two points should 
be aimed at, (1) completeness of churning and (2) retention of 
smallest practicable amount of buttermilk in butter granules, 

(1.) Completeness of Churning.—By completeness of churning we 
mean the extent to which the fat has been gathered from the milk- 
serum into butter. This is shown by the amount of fat left in the 
buttermilk, and is governed by several conditions, which have al- 
ready been mentioned. Thus, the loss of fat in buttermilk is greater 
in mixed creams of varying degrees of ripeness than it is in uniformly 
ripened cream; it is greater at higher temperatures of churning than 
at lower ones. As an indication of when the fat is removed as com- 
pletely as practicable by churning, the size of the butter granules 
may be taken, though not always. The usual instructions given 
are to stop churning when the butter granules are about the size 
of kernels of wheat. This cannot always be relied upon as showing 
that the churning has been completed, since, under differing condi- 
tions, the completeness of separation differs with the size of butter 
granules. The appearance of the buttermilk is usually a good indi- 
cation of the completeness of churning; when the fat has been most 
efficiently removed, the buttermilk should look bluish and thin or 
Wa.ery, an appearance not difficult to distinguish. As a rule, churn- 
ing should be continued until the buttermilk reaches this condi- 
tien, without reference to the size of the butter granules. When the 
“burning is most effective, the buttermilk should not contain more 
than one-tenth of one per cent. of fat. 

(2.) Amount of Buttermilk left in Butter.—The larger the granules 
of butter at the close of churning, the greater the amount of butter- 
milk remaining in the butter. This is an undesirable condition, 
since the keeping quality of butter is unfavorably affected by the 
presence of much buttermilk. Every effort should be made so to 
coutrol the conditions of cream ripening and the conditions of churn- 
ing that, when the butter granules are the size of wheat grains, 
the fat will be removed from the buttermilk as completely as is 
practicable. 


35. Difficulties Experienced in Churning, 


It is a common experience, especially in making butter at home, 
to have churnings in which the fat-globules separate in granules with 
extreme difficulty from the buttermilk, or refuse to separate at all. 
Various conditions may cause this behavior. Some of these have 
already been referred to in connection with the conditions of cl nrn- 
ing. To some of these we will call more detailed attention at this 
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point, including (1) the influence of advance of lactation, (2) im- 
proper ripening of cream, (8) cream poor in fat, and (4) low tempera- 
ture of churning. 

(1.) Influence of Advanced Lactation.—In the case of cows that 
are far advanced in lactation, we find a combination of conditions 
that work against the ease of churning, such as small size of fat- 
globules, milk-fat of harder character than normal, and a larger 
amount than usual of albumin, casein and milk-sugar in the milk 
and cream, thus increasing the resistance offered to the uniting of the 
fat-globules. In the case of cows that come into milk in the spring, 
these conditions are noticeable in the winter, when, in addition, the 
food is often largely dry hay or straw. These conditions may also 
be aggravated by improper ripening of cream. To overcome the 
difficulties of churning caused by these conditions, the cows must 
be given succulent feed, such as silage or roots, and the cream must 
be ripened so as to develop more than the usual amount of acid. 
In extreme cases, some additional help may come from diluting 
the cream slightly with warm water or by adding dilute salt brine. 

(2.) Improper Ripening of Cream.—The cream should be ripened 
under the conditions previously given (see sections 26 to 28, pp. 
553-586). 

(3.) Cream Poor in Fat.—Usually, it is more difficult to churn 
completely cream poor in fat. This condition needs to occur only 
when gravity methods are employed in raising cream. By using 
the centrifugal method of separating cream, no trouble need ever 
be experienced in this line. 

(4.) Low Temperature in Churning.—in churning at very low tem- 
peratures, the agitation mixes air with the cream and the cream 
often froths or swells. Under these conditions, it is best to let 
the cream stand several hours and then to warm it up slowly four 
or five degrees, before trying to churn again. Revolving churns 
give less trouble in this respect than dash churns. Then, again, in 
churning at low temperatures, the formation of butter may stop just 
short of the “breaking” point and not be affected by further churn- 
ing. In such cases, the difficulty may be overcome by adding a little 
dry salt to the cream or a little water of the temperature of 85 de- 
grees FE. to 90 degrees F. 


36. Removing Buttermilk from Granules. 


When the churning has been completed and the fat has been 
gathered into granules successfully, the next step is to remove 
the buttermilk from the butter. As previously stated, the butter 
at this stage should be in granules not larger than kernels of 
wheat, and the buttermilk should be clear and watery in appear- 
ance, if the cream has been properly ripened and the churning done 
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at the right temperature. By the old way, the churning was con- 
tinued until all the butter was gathered into a fairly solid chunk 
and was then removed from the churn and the buttermilk was re- 
moved by pressure at the same time the salt was worked into the 
butter. The usual method now is to stop the churn when the butter 
is still in the granular stage, add a little cold water to favor the 
separation of the smaller fat-globules still remaining in the butter- 
milk. The buttermilk is then drawn off from the bottom of the 
churn and allowed to drain completely, after which water having 
a temperature of 45 degrees F. to 55 degrees I’. should be added 
in amounts about equal to two-thirds of the buttermilk removed. 
The water and butter granules in the churn are then greatly agitated, 
enabling the water to come into contact with every butter granule, 
care being taken to avoid an amount of motion that will cause the 
granules to mass in chunks. In about fifteen minutes, this water 
should be drawn off, the granules allowed to drain thoroughly, 
and then the operation of washing should be repeated a second 
time as before. The second wash water should appear clear as 
it runs away, or, at most, have only a very slight milkiness. If 
the churning operation has been properly conducted, two washings 
should suffice to remove the buttermilk. The less washing that is 
necessary to remove the buttermilk the better. A small amount of 
salt added to the first wash water aids in removing the buttermilk 
without salting the butter appreciably. The texture of the butter 
and the amount of water in it are affected by the manner in which 
the washing is done, and by the condition of the butter granules. 

(1.) Influence of Washing upon Percentage of Water in Butter.— 
When the butter granules are small and the wash water very cold, 
more water remains in the butter without appearing in the form of 
distinct drops than is the case when the granules are larger and 
the water less cold. If the end of the churning leaves the butter 
in chunks of the size of a small plum or larger, it is impossible 
completely to wash the buttermilk out of the butter, and especially 
if the butter is soft. Im such a case, the buttermilk must be re- 
moved by working, but can not be done completely even then, and 
the butter will have a high water content. 

(2.) Influence of Washing on Texture of Butter.—The temperature 
of the water used in washing butter affects the texture of the butter. 
When butter is soft at the end of churning, and it is hardened by 
being rapidly cooled down by the addition of large amounts of very 
cold water, the texture is likely to show the effect of the rapid 
change of temperature. When thus treated, the outside of the 
butter granules cools some time before the inside, and if time is not 
given for complete cooling before it is worked, we have a part of 
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the butter still soft. In case the butter granules are soft at the 
end of churning, as the result of too high temperature in churn- 
ing, the proper method of procedure is to use the usual amount of 
water at the usual temperature and allow the butter to remain 
in it, until it has become thoroughly cooled clear through. If treated 
im this way, it can be worked without risk of getting soft again 
at once. In addition, the use of large amounts of water in washing 
butter is apt to remove some of the compounds that give the butter 
its flavor, producing a flavorless or tallow-like tasting butter. 


37. Working Butter. 


The real objects in working butter are (1) to mix the salt with 
the butter and (2) to get the butter into a solid mass suitable for 
market. Working butter more than is necessary to accomplish 
these two purposes is not only useless but may be worse than useless 
when carried to such an extent as to injure the texture or grain 
of the butter. There is least danger of injuring the grain of butter, 
when the working is done by pressure, at a temperature of 45 de- 
grees FE. to 55 degrees F. The mistake should be avoided of de- 
pending upon working to remove moisture, since this is controlled 
by the size of the butter granules and the temperature of churning. 
Fine granules and low temperature favor assimilation of moisture. 


38. Salting Butter. 


The specific purpose for which salt is added to butter is to give 
taste. The small amount of salt present in butter has little to do 
with the keeping properties, as only larger amounts of salt have 
marked antiseptic effect. The one guide upon which to depend 
as to how much salt shall be added to butter must be the special 
market in which the butter is sold, in other words, the taste of the 
consumer. in actual practice, the amount of salt varies all the 
way from a trace to two and one-half ounces for each pound of 
butter. The amount of salt preferred by most consumers is three- 
fourths of an ounce to one ounce of salt for a pound of butter. In 
some creameries, butter is made for several different markets, re- 
quiring all kinds of salting and extreme pains have to be taken to 
have each kind always uniform. In order to turn out butter of the 
same uniform quality from day to day, it is essential that the amount 
of salt retained in the butter shall be the same, or with the least 
variation possible. It would seem to be a simple matter to con- 
trol the amount of salt in butter by weighing the drained butter and 
salting this in proportion to its weight. But the drained butter 
is not of constant composition from day to day, because the size 
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of the butter granules and the amount of water clinging to them are 
not uniform and, hence, the weight of the washed, drained butter 
granules does not bear a constant, deiinite relation to the amount 
of butter when finished. The larger the amount of water in the 
butter granules, the larger is tbe amount that will go out on salt- 
ing and working, and the less will be the amount of salt left in. 
When the creaming is done by a separator, and a cream of uniform 
composition is used from day to day, the weight of cream atfords 
a better basis for calculating the amount of salt to use than does 
the weight of washed butter granules. The salt can be incorporated 
easily and evenly into the whole mass of butter, if it is added while 
the waiter is being pressed from the butter in the worker. It is 
important to continue the working until the salt completely dis- 
solves, because undissolved particles of salt may cause mottled or 
streaked butter. A particle of solid salt remaining in the butter 
may later dissolve in the water contained in the butter and thus 
form a strong brine at that point, which tends to deepen the color 
of the butter that comes in contact with this drop of strong brine. 
Care should be used in the selection of dairy salt, as different brands 
of salt vary in their fitness for use in salting butter. Generally 
speaking, good dairy salt should have a uniform size of particles, 
should be dry and should completely dissolve to a clear solution. 

When a small amount of salt is desired in butter, it can be more 
uniformly and completely incorporated into the butter by using 
brine instead of dry salt. For this purpose, a brine is prepared 
by dissolving in warm water all the salt that can be made to dis- 
solve. This brine is cooled to the proper temperature and poured 
over the butter. The brine may take the place of the second wash 
water and allowed to stay with the butter about ten minutes, when 
it is drawn off and a second portion of saturated brine added to the 
butter for the same length of time. Then the brine is removed and 
the working done in the usual manner. 


39. Packing Butter for Market. 


Butter is in condition to pack for market when the salt entirely 
in solution has been completely and uniformly worked through the 
butter, and the water in the butter reduced to the desired amount. 
When butter is to be kept for some time before marketing, it should 
contain less water than butter intended for immediate use. Popu- 
lar taste at present appears to call for a comparatively large amount 
of water in butter when it is consumed fresh. A large amount of 
water in butter that is to be kept awhile before consumption is 
objectionable, because sooner or later the water evaporates from 
the surface, leaving a coating of salt, and the appearance is injuri 
ously affected. 

36 
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The problem of a perfect butter package yet remains to be solved; 
that is, a package which is strong, light in weight and air-tight. 
Packages made of crockery, glass or metal are heavy and liable 
to be broken. ‘Tin and iron packages rust easily in the presence of 
the brine. Wooden packages are seldom air-tight. It appears to 
be the general impression that wooden packages are in all respects 
the most available. The materials most commonly used are probably 
ash, spruce and oak. Wooden packages are subject to the disad- 
vantage of imparting their flavor to butter when it is kept in them 
long. Therefore, great pains must be taken to remove the odor of 
wooden packages as far as possible before they are used. This may 
be done by steaming the packages thoroughly and then filling them 
with hot water, containing some salt. After standing twenty-four 
hours they are steamed a second time and then filled with cold water. 

For direct consumption, butter may advantageously be packed 
in moulds or prints. - The popular demand for this style of package 
has increased greatly within a few years and its popularity appears 
to become greater all the while. Prints in pound and half-pound 
sizes are found in every grocery. The standard size for pound prints 
is 48 by 24 by 22 inches, and the shape is rectangular. Each print 
is wrapped separately in parchment paper and special packing boxes 
are furnished for carrying them. 


40. Qualities of Butter. 


Certain points have been adopted by common consent to use as 
a basis or standard in judging of the value of butter. The qualities 
that have been selected for this purpose are, (1) flavor, (2) texture, 
(3) color, (4) salt and (5) general appearance. To these may be added 
(6) moisture and (7) solidity. 

(1.) Flavor.—Butter is said to have a good flavor when it possesses 
the characteristic taste and odor of good butter in a well-marked 
degree. It is difficult to describe in words what this flavor is, but 
it is commonly described as a nutty flavor, clean, aromatic and 
sweet. It should be entirely free from any rancidity or any other 
unusual flavor. Personal preference forms a very large factor in 
judging the value of butter in so far as it depends upon flavor. High 
flavor, for some persons, means sour milk or buttermilk flavor, while, 
for others, such a flavor must be absent. The real flavor of high- 
grade butter can be produced only under most favorable conditions 
of manufacture. Every operation must be conducted with care, 
and extreme pains must be observed at all times in respect to clean- 
liness. The one step in the operation of butter-making that has 
most influence directly upon the flavor of butter is the ripening of 
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the cream, and too great care can not be taken to have perfect con- 
trol of this delicate process. Food also exercises some influence. 
The flavors that are objectionable in butter may come from food, 
from the absorption of bad odors by the milk or cream, from the 
action of undesirable forms of bacteria and from excessive amounts 
of buttermilk retained in the butter. 

(2.) Texture—The texture of butter refers to what is called the 
grain and depends upon the condition of the butter granules. In 
its first formation ia churning, butter appears in very small, irregu- 
lar grains or granules. These grains retain their individuality 
throughout the rest of the process of butter-making and even in 
the finished product. The more distinct we can keep the individu- 
ality of the granules and at the same time make the butter into 
solid masses, the better is the texture. The granular texture of 
butter is seen when a mass of butter is broken into parts trans- 
versely, giving somewhat the fractured appearance seen in broken 
cast iron and free from a greasy appearance. Another method of 
testing the texture is to pass a knife blade or a butter trier through 
the butter; when it is withdrawn, no particles of butter stick to it. 
The texture of butter is injured by allowing the butter granules 
in the churn to become too large, and by working at too high a tem- 
perature or too much. The granular texture of butter is entirely 
and permanently destroyed by warming butter up near to the melt- 
ing point. 

3. Color.—The standard of color for butter is the color given when 
the butter is made from the milk of a cow feeding upon fresh pas- 
ture grass—an even, bright, golden yellow. Just what substance 
it is that gives butter its natural color, we do not know yet, but we 
do know some of the conditions that influence its color, such as the 
breed of cow, character of food and stage of lactation period. Butter 
tends to become lighter in color toward the end of a cow’s lactation 
period, and especially if the cow at that time is fed exclusively 
upon dry foods. On fresh pasture, some cows produce butter some- 
what too high in color for the critical consumer. Most butter in 
commerce is artificially colored. There is quite a number of different 
butter-color preparations in the market, some of which are aniline 
compounds and are poisonous when used in considerable quantities. 
If a butter-color is used, it is wise to use annatto or other prepara- 
tions, which are known to be harmless. When butter is artifically 
colored, the colored product should be uniform, of a bright, golden- 
yellow color, free from any reddish tinge. Different shades of color 
are called for by different markets. 

(4.) Salt—The main point in connection with salt in butter as 
affecting quality, is that the salt should be entirely dissolved and 
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distributed uniformly throughout the entire mass of butter. As to the 
amount of salt in butter, this must be judged entirely according to 
the standard of the special trade for which it is made. 

(5.) General Appearance.—Under this head we include the at- 
tractiveness of the package and packing, cleanliness, ete. 

(6.) Moisture.—The water should be so completely incorporated 
with the butter that it fails to show its presence, not appearing 
in the form of free beads of water. 

(7.) Solidity.—By this is meant the quality of firmness or hardness, 
not melting or softening too easily. 

The different qualities indicated above are used in a specific 
manner for determining the market value of butter, each quality 
having assigned to it a definite numerical value. The following 
so-called scale of points is in common use in the markets of this 
country: 

Flavor, 40 to 45. 
Texture, 25 to 30. 
Color, 10 to 15. 
Salt, 10. 
Appearance, 5. 


41. Composition of Buttermilk. 


Buttermilk is the product, containing water and milk solids that 
remains when fat is removed from milk or cream in the process of 
butter-making. In general composition, buttermilk resembles skim- 
milk, containing, like skim-milk, all the constituents of milk, but 
in different proportions. The amount of fat in buttermilk is of 
the greatest importance in connection with churning, for only by 
knowing the amount of fat in buttermilk can we tell with certainty 
how complete the churning is. So, the buttermilk should always 
be tested in order to know whether large amounts of fat are being 
needlessly wasted by being left in the buttermilk. We have al- 
ready discussed the conditions that affect the amount of fat left in 
buttermilk, in sections 33 and 34. If the conditions of butter-making 
are properly controlled, there need not be left in the buttermilk more 
than one-tenth of one per cent. of fat. Buttermilk from ripened 
cream differs from that obtained with sweet cream, the former con- 
taining less milk sugar, more lactic acid and less milk-fat. The fol- 
lowing analysis will serve as an illustration to give a general idea 
of the composition of buttermilk obtained under the best conditions: 
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CHAPTER VI. 


THE RELATION OF MILK TO YIELD OF BUTTER. 


If we compare the composition of milk with that of butter, we 
are impressed with the fact that a very small amount of the solids 
contained in milk, excepting milk-fat, goes into butter. Below we 
give an illustration showing, under the conditions stated, the dis- 
tribution of milk-fat through the various operations of butter- 
making. 


42. Distribution of Milk-Fat in Butter-Making. 


In the accompanying illustration we assume that we start with 
1,000 pounds of milk, containing 4 per cent. of fat; that we produce, 
in creaming, 200 pounds of cream and 800 pounds of skim-milk, con- 
taining 0.10 per cent. of fat; that in churning we produce 155 pounds 
of buttermilk, containing 0.20 per cent. of fat, and 45 pounds of 
butter. We will assume also that the mechanical losses of fat 
amount to 0.30 pound of fat. The following tabular arrangement 
brings out the manner in which the milk-fat is distributed through 
these various operations: 
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1,000 pounds of whole-milk contain 40.0 pounds of fat, ..........cceesccceucsceceenscees | 100.00 
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Mechanical losses of fat in various operations, 0.3 pounds of fat, :........ecseeseveee 0.75 
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Of the amount of fat contained in the whole milk at the start, 
98 per cent. went into the cream and 2 per cent. into the skim-milk, 
0.75 per cent. into the buttermilk and the same amount was lost 
mechanically, while 96.5 per cent. went into butter. The total per- 
centage of loss was 3.5 per cent. of the fat originally in the milk. 


43. Relation of Fat in Milk to Yield of Butter. 


We have seen that it is not milk-serum that produces butter, but 
it is milk-fat. Hence, if we wish to know the butter-making value 
of milk, we must’ know the amount of fat in milk and then we can 
tell very closely how much butter should be made from 100 pounds of 
any particular milk. Now, the question arises: “How much butter 
should be made for each pound of fat present in milk?” Taking 
the illustration given in the preceding paragraph, we have 1,000 
pounds of milk containing 4 per cent. of fat, or 40 pounds of milk-fat, 
and from these 40 pounds of milk-fat we obtain 45 pounds of butter; 
that is, for each pound of fat in milk, we make one and one-eighth 
pounds of butter, or just one pound and two ounces. In this case, 
we made allowances for losses of fat in skim-milk, buttermilk and 
handling, which ought not to be exceeded in practice, when the dif- 
ferent operations are carried on with proper skill and care. In 
general, we may lay this down as a fair rule to follow: Each pound 
of fat in milk should make one pound and two ounces of finished 
butter. 

The question may next be asked, “Why do we have two ounces 
more of butter than we do of butter-fat or milk-fat?” While we lose 
a little fat in the operation of butter-making, we add to the milk-fat 
considerable water and some salt and retain a little casein, so that 
we not only make up for the fat lost but really add more than 
enough water, etc., to make up the loss. In the illustration above 
given, we had 40 pounds of milk-fat to start with, we lost 1.4 pounds 
in various ways in making butter, leaving for the butter 38.6 pounds 
of fat, and to this amount of fat we added 6.4 pounds of water, salt, 
ete., and thus obtained 45 pounds of finished butter. From the fore- 
going considerations, it can be seen that we need only to know the 
per cent. of fat in milk in order to caleulate the amount of butter 
to be made from 100 pounds of the milk. It is necessarly only to 
multiply the per cent. of fat in milk by one and one-eighth or by 
one pound and two ounces. Thus, we could readily make up a table 
like the following, covering any range desired: 
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Per cent. of Fat in Milk. Pounds of Butter that Should Be Made 
from 100 Pounds of Milk. 


Bieralatrtaratiolote oreteratolatercfeletote,eiete eivieveverarstetalsrelel ciel averosalsie:eicTeleleletess erereje’s eieie’eleye 3.87 pounds, or 3 pounds, 6 ounces. 
Datatetateta atetatetntetevatorniavetsrelcinie os ore exeieteiateilelete (arerelereieioisiciaictelaiciote ainveiatetersveiscie 3.63 pounds, or 8 pounds, 10 ounces. 
erotic nadoo boven poridoosaGoooobooobnodacudeqoenqocounZOndonocdS 3.92 pounds, or 3 pounds, 15 ounces. 
Qeeneaeeeicielee eile oiaiotele cs cnisisieiciete cose eilcieinia wicieiaicornaiciciorenciteie anc 4.27 pounds, or 3 pounds, ounces. 
Up pacusendatpocoadocoredoderbdaorabedcouacencacesgodorpsbustdesod | 4.50 pounds, or 4 pounds, ounces. 
BUiatetatetetatevereiste te leterste veer sisieteievelclsieia(alarsintersiciciarsieiateretais iets ate eisiviciacaintcleccieveisioe 5.06 pounds, or 5 pounds, ounce. 
BO) Meteteisictareiercieveleleisisletereielsisietels'aiclorale clelais eiejciersicterelelerstelerelei stele ieleleisisiefete is sis | 5.62 pounds, or 5 pounds, 10 ounces. 
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44. How to Detect Losses by Yields of Butter. 


Ordinarily, one can detect losses of fat in skim-milk and butter- 
milk by testing them for their fat content. In the absence of such 
tests, one can make use of the above rule to ascertain how effective 
one’s work is in getting milk-fat into butter. For illustration, 
suppose we make butter from milk containing 4 per cent. of fat, 
and get 4 pounds and 3 ounces of butter. From the rule given above, 
we should get not less than 4 pounds and 8 ounces of butter, so that 
we have experienced a loss of 5 ounces of butter for 100 pounds of 
milk. We have either lost extra amounts of fat or we have failed 
to retain the usual amount of moisture in the butter or have experi- 
enced losses in both of these directions. An experience of this kind 
should move one to discern the causes of loss and then remedy them. 
In case the amount of butter is greater than is called for by the 
rule, then we have incorporated an extra large amount of water in 
the butter. 


45. Milk-Fat as a Basis of Paying for Milk at Creameries. 


Until a dozen years ago, milk was very generally paid for by weight 
alone at creameries. This method was based upon the belief that 
it was milk that made butter and that all kinds of milk were of 
equal value, pound for pound, in making butter. The next step 
in the direction of progress was to pay according to the amount of 
cream raised, measuring it by volume. This was a partial recogni- 
tion that different milks varied in their butter-producing value. 
The method of paying for cream was extremely faulty, because the 
basis of payment was for so many spaces or inches of cream raised 
in a can of certain depth and diameter. This method assumed that 
all cream raised by the gravity system contained the same amount 
of fat and was, therefore, of equal value for making butter. Investi- 
gation showed that this assumption was wholly without foundation 
and was extremely misleading. The next plan put into practice 
was what was known as the “oil test,” by which an attempt was 
made to measure the butter-producing values of different creams 
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by actually churning small portions of cream. This plan was found 
to be open to several objections. Finally, the discovery of the Bab- 
cock test, in 1890, furnished a simple means of determining fat in 
milk or cream. From that time on, the method of paying for milk 
and cream at creameries on the basis of the fat content gradually 
spread until now it is probably univesal. The relation of fat in milk 
to yield of butter is so obvious that only persons lacking in aver- 
age understanding can fail to appreciate the significance of such 
relation. 


46. Calculating Dividends at Creameries on Basis of Milk-Fat. 


Several different methods may be employed to determine the 
amount of each patron’s dividend, when payment is made on the 
basis of the amount of fat in the milk. There are calculators pub- 
lished that save most of the details in making calculations. Here 
we present one of the simplest methods, showing all the necessary 
details. It is essentially the same as the old method in use when 
the weight of milk alone was used as the basis for payment, while, 
on the milk-fat basis, it is the amount of fat that is used in making 
calculations. We will illustrate this method as employed (1) in 
co-operative creameries and (2) in creameries where milk is pur- 
chased for a definite price. 

(1.) In Co-operative Creameries.—Taking the time covered by any 
one dividend, wheth ct a week or month, it is necessary to know (a) 
the amount of milk dvlivered by each patron during that time; (b) 
the per cent. of fat in the milk during the same period of time; (c) 
the total or gross amount of money received for the butter produced 
during the same period; and (d) the amount of expenses to be de- 
ducted from the gross receipts, such as cost of manufacture, selling, 
carting, etc. Having these data, we need only to apply the follow- 
ing rule, which is given, for convenience, in three steps. 

Rule. Step 1. To find the amount of milk-fat furnished by each 
patron: Multiply together the per cent. of fat in the milk and the 
amount of milk delivered by each patron expressed in hundreds of 
pounds, and decimals of a hundred. This gives the total amount of 
fat in the milk delivered by each patron during the dividend period 
Example: 
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Rule. Step 2. To find the net value of one pound vf milk-fat:Di- 
vide the total net receipts by the total number of pounds of milk-fat 
delivered by all the patrons during the dividend period. Example: 

From the amount of milk delivered by the patrons, as given above, 
we have made, say, 195 pounds of butter, which realizes 18 cents a 
pounds, after deducting the cost of making and all other expenses. 
This will give $35.10 to distribute among the patrons. We now 
divide $35.10 by 1738.68, the total amount of milk-fat delivered by 
all patrons during the dividend period, and we have 20.2 cents as 
the net amount of money received from butter for each pound of milk- 
fat delivered. 

Rule. Step 3. To find the amount of dividend due each patron: 
Multiply together the number representing the pounds of milk-fat 
furnished by each patron and the net price received for each pound 
of milk-fat. 

In this case, the net price realized for each pound of milk-fat is 
20.2 cents, and so we multiply by this the number of pounds of fat 
delivered by each patron. Example: 
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(2.) In Creameries Where Milk is Purchased.—Uné@er this division 
come those cases where patrons sell their milk outright for such a 
price as may be agreed upon. In such cases, a standard may be 
adopted and milk paid for according to this standard. For example, 
suppose the proprietor of a creamery agrees to pay at the rate of one 
dollar a hundred for milk containing 4 per cent. of fat, the price 
being greater or less than this in proportion as the per cent. of 
fat is above or below 4 per cent. Paying one dollar for 100 pounds 
of milk containing 4 per cent. of fat is equivalent to paying 25 cents 
a pound for milk-fat. Applying this rate to the illustration given 
above, we have the following: 
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CHAPTER VII. 


PRELIMINARIES OF CHEESE-MAKING. 


As compared with butter-making, the process of cheese-making 
is much more complicated in its details and difficult to control. 
It is probably true that our best methods of butter-making are 
much nearer perfection than are our best methods of cheese-making, 
but many improvements have taken place in the details of the pro- 
cess of cheese-making during the past twelve or fifteen years. Be- 
fore the actual operation of cheese-making begins, there are several 
details which can properly be considered in a separate chapter. We 
shall, therefore, discuss in this chapter (1) the care of milk by the 
dairyman for cheese-making, (2) the method of testing milk to detect 
injurious forms of fermentations, (8) the action of rennet in cheese- 
making, and (4) the ripening of milk for cheese-making. 


47, Care of Milk for Cheese-Making. 


In section 13, p. 570, we discussed in considerable detail the pre- 
cautions to be observed in securing clean milk when the milk is to 
be sold for direct consumption. All the precautions given there 
in regard to the conditions of cleanliness to be observed apply with 
equal force to milk that is to be used for cheese-making. However, 
in the case of milk intended for cheese-making, after it has been 
. drawn, removed from the stable and strained, we do not need to be 
so careful in keeping the lactic acid bacteria from growing as we 
do with milk to be sold for direct consumption. While most of the 
undesirable forms of fermentation, commonly occurring in milk, may 
work injury in cheese-making, it is, so far as we now know, very 
necessary to have more or less lactic acid fermentation in the milk 
and curd during the cheese-making process, in order to make good 
cheese, especially in the case of our. common type of cheese, the 
American cheddar. There are two additional points to which special 
attention will now be called in caring for milk for cheese-making and 
these are (1) cooling and (2) aerating. 

(1.) Cooling Milk.—tIt is desirable to cool the milk down to the 
temperature of the surrounding air, or, still better, to 60 degrees F., 
if it has to be kept long. It is a good plan to assist the cooling 
by constant stirring. Two objects are thus accomplished. In the 
first place, in milk thus treated the fat tends to cream less rapidly, 
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ua desitable condition, because in the cheese-making process we want 
to prevent the separation of the fat from the milk as much as pos- 
sible. In the second place, the stirring helps any substances with 
odors to escape from the milk, especially the so-called animal odor 
and any others that may have been absorbed from the air. 

(2.) Aerating Milk.—Stirring milk while cooling is one method of 
exposing it to the air, that is, aerating the milk. The aerating, as 
well as the cooling, can be advantageously accomplished by using 
special forms of apparatus designed for the purpose. The most 
common form of aerator is a strainer-like tin vessel with holes in the 
bottom. It is held in position somewhat elevated above the milk 
can by an iron frame. The milk, as soon as drawn, is strained into 
this at once and the milk falls in finely-divided drops or streams 
through the air before going into the can. The Star cooler and 
aerator allows the milk to tlow in a thin film over a corrugated metal 
surface; the cooling is caused at the same time by having cold 
water flow through the apparatus. While the more common practice 
is to cool and aerate only night’s milk, it is desirable that morning's 
milk should be similarly treated. It is also desirable that the two 
milkings should be kept separate and not taken to the factory in 
the same can, unless the morning’s milk is cooled to the temperature 
of the night’s milk before mixing. 

As soon as milk has been cooled and aerated, it should be covered, 
in order to prevent evaporation from the cream layer. If much evap- 
oration takes place, the layer of cream becomes somewhat tough 
and does not mix back readily into the milk. This is objectionable 
for two reasons, (a) the loss of fat is apt to be larger in cheese- 
making, and (b) it is more difficult to obtain a representative sample 
for testing. This difficulty usually occurs only with night’s milk, 
but can very easily be obviated. 


48. Detection of Injurious Ferments in Milk. 


It is extremely important at times to find out whether milk is fit 
for cheese-making, especially, where troubles have been experienced 
“with fermentations that make it difficult or impossible to produce 
good cheese. At the Wisconsin Experiment Station a simple method 
known as the “Wisconsin curd test,” has been devised for detecting 
milks that are undesirable for cheese-making. Specially designed 
apparatus can be obtained at dairy-supply houses, but is not neces- 
sary. The test consists in making a small chunk of cheese-curd 
from milk in a glass jar. Take pint fruit-jars and perforate the 
covers with a few small holes. Before using, clean them in boiling 
water. A sample of each of the milks to be tested is placed in a 
jar, nearly filling the jar, and the jar is placed in water warmed to 
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about 95 degrees F. to 100 degrees F. Then ten drops of rennet 
extract are added to the miik in each jar and the contents are thor- 
oughly mixed. The milk is then left undisturbed until completely 
curdled, after which it is cut in small pieces with a case knife and 
stirred in order to expel the whey. Care must be taken to clean 
the knife each time before cutting the curd in each jar. The whey 
is poured off at frequent intervals, until the curd mats. The curd 
is then kept at a temperature of about 98 degrees F. for six or eight 
hours and then examined. If the milk is good, the curd from it 
has a solid, firm texture, with only a few small pin-holes, if any. 
It may have some large, irregular holes caused mechanically by the 
failure of the particles of curd to unite closely. If gas-forming bac- 
teria are present in the milk, they will produce a curd of spongy tex- 
ture, very full of holes. Other undesirable fermentations may show 
their presence by producing a curd of soft, “mushy” texture, while 
others develop offensive odors. By the use of this test, it is easily 
possible to detect what patron’s milk is the source of trouble, or, 
in the case of a herd, what individual cow or cows. When un- 
favorable fermentations are met with in factory experience, this test 
should be promptly and thoroughly applied, and milk found to be 
responsible for the trouble should be excluded until its character 
is improved. Also,’ milk should not be received for cheese-making 
when it contains as much as two-tenths of one per cent. of lactic acid. 
| This curd test may also be applied to the examination of market milk 
| that is sold for direct consumption. 


49. Source and Properties of Rennet Extract. 


We have already (see section 9, p. 564) referred to rennet as con- 
taining an enzyme or unorganized ferment, called rennet, which 
possesses the characteristic property of coagulating or solidifying 
milk-casein, and, on this account, lies at the basis of our cheese- 
making. Rennet is used in the form of an extract. 

(1.) Source of Rennet Extract.—The usual source of rennet is the 
fourth stomach of a calf that has not stopped living upon milk. 
The enzyme is separated from this by special tratment, such as 
soaking in dilute salt water. For cheese-making purposes, it is 
much preferable to purchase one of the regular commercial rennet 
extracts rather than to use a home-prepared article. The best 
brands of commercial extracts are uniform in strength and free 
from taints, and this is not commonly true of home-prepared ex- 
tracts. Rennet extract should be kept in a cool, dark place, if it is 
to keep its strength for the longest possible time. 
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(2.) Strength of Rennet in Coagulating Milk.—How powerful the 
action of rennet is in cogulating milk-casein can be seen in cheese- 
making ,where we use only one part of rennet extract to five thou- 
sand parts of milk, and rennet extract itself is only a dilute form of 
rennin, the real coagulating substance. One part of absolutely pure 
rennin can coagulate three million parts of milk. Apparently, ren- 
net extract does not exhaust itself by its own action, but can be 
used repeatedly. For example, if we could recover from whey and 
curd the rennet used in coagulating milk, it would coagulate an 
equal quantity of milk again. ; 

(3.) Chemical Action of Rennet.—When rennet acts upon milk- 
casein, it changes the composition of the casein, forming a new 
compound, and this new compound which appears as the coagulated 
substance is called paracasein. Cheese curd is, then, an impure form 
of paracascin. This paracasein formed by rennet is quite different 
from the solid substance formed by milk casein when treated with 
acids. 

(4.) Conditions of Rennet Action.—The conditions of rennet action 
are quite well understood and we will consider some of them. The 
rapidity and completeness of coagulation of milk casein by rennet 
are dependent upon the following conditions: 

(a.) Acids Affect Action of Rennet.—Milk must be neutral or acid 
for action of rennet. If milk is alkaline, rennet will not coagulate 
it. Increased amounts of acids have a very marked effect in in- 
creasing the rapidity and completeness of rennet action in coagulat- 
ing milk casein. Moreover, very small amounts of acid have a very 
pronounced influence. For example, a sample of fresh milk that co- 
agulated in 110 seconds was coagulated in 30 seconds when one part 
of lactic acid was added to 5,000 parts of milk. 

(b.) Temperature affects time of coagulation by rennet. The quick- 
ness with which rennet coagulates milk increases with increase 
of temperature. For example, a sample of milk that coagulated 
at 75 degrees F. in 270 seconds, was coagulated in 65 seconds at 
95 degrees F. The character of the coagulated substance also varies 
with the temperature at which coagulation takes place. Below 60 
degrees F. and above 122 degrees F., the curd formed is soft and 
loose, while at 77 degrees F. to 113 degrees F., the curd is much more 
firm and solid. The activity or strength of rennet is weakened by 
heat at 120 degrees F., while heated for sometime above 140 degrees 
F., rennet becomes permanently weaker or entirely inactive. 

(c.) Strength of rennet extract increases rapidity and complete- 
ness of rennet action, likewise increased amounts of rennet extract. 
Dilution of milk by water has the effect of diluting rennet extract 
and so a given amount of rennet extract acts less rapidly and com- 
pletely in diluted milk than in the same quantity of milk undiluted. 
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(d.) Different chemical compounds added to milk affect the action 
of rennet. For example, many acid salts like free acids, hasten 
rennet action. Alkaline and alkaline salts prevent it. Remnet co- 
agulation is delayed by common salt, borax, formalin and some 
other substances used in milk preservatives. 

(e.) Heating milk above 150 degrees F. for some time makes it 
coagulate less quickly with rennet than unheated milk. Milk heated 
to boiling for some time coagulates either very slowly and incom- 
pletely or not at all with rennet. The coagulating power of such 
milks may be restored by adding smali amounts of some acid or by 
adding calcium chloride. 

(f.) Milk from different cows behaves very differently to rennet. 
For example, in some tests made at the same time and under the 
same condition with samples of milk obtained from fifteen different 
cows, the time of coagulation by rennet varied in the individual 
samples all the way from 50 seconds to 23 minutes. Just why 
such differences exist no one knows. 


50. Methods of Testing Rennet Extracts. 


Since different brands of rennet extract vary somewhat in their 
ability to coagulate milk, it is important to have a means of tesHng 
their strength, so that we may know definitely their value. The 
strength of a rennet extract may be ascertained by finding out how 
long it takes for a certain amount of extract to coagulate a fixed 
amount of milk at some definite temperature. The two or three 
rennet tests in use are based upon this general principle. The 
two forms in common use are known under the names of (1) the 
Monrad test and (2) the Marschall test. 

(1.) The Monrad Rennet Test.—-In this test the amount of milk 
used is 160 cubic centimeters (about five and one-half ounces fluid 
measure), and the temperature is 82 degrees to 86 degrees F., and 
the amount of rennet is one-half of a cubic centimeter, which is 
diluted to 5 c. c. with water. The apparatus furnished for this 
test by dairy-supply houses makes these measurements. simple. 
Having the rennet previously diluted, one makes the test as follows: 
The given amount of milk is heated to 82 degrees to 86 degrees F., 
5c. ¢. of the dilute rennet solution are added and stirred in quickly 
with the thermometer. A fixed temperature must be used always; 
it can be any one point from 82 degrees F. to 86 degrees F., but the 
point must always be the same one. The time when the rennet is 
added is noted by the second hand of the watch and then again 
the time when the milk has coagulated, and then we know how many 
seconds it has taken for the milk to coagulate. The time when the 
milk coagulates can be seen more sharply by scattering a few par- 
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ticles of charcoal on the surface of the milk. The milk is started into 
motion around the dish by stirring with the thermometer, and the 
charcoal particles stop the instant the milk curdles. By using a 
stop watch in carrying out this test, great accuracy and delicacy 
can be attained. In comparing two rennet extracts by this test, 
the one that coagulates the milk in the quickest time is the strongest. 
If possible, the same kind of milk must be used in comparing differ- 
ent extracts. (See Fig. 3.) 

(2.) The Marschall Rennet Test.—In this test, the same general 
plan is followed, but the coagulation takes places in a cup on the 
sides of which are some graduated lines, while in the bottom of the 
cup is a glass tube, with very small bore. After the rennet is 
added to the milk in the cup, this fine glass tube is opened and the 
milk allowed to trickle away, until the milk coagulates and ceases 
to run. The marks on the inside of the cup show how much milk 
has run out and the number of spaces uncovered show the strength 
of the rennet. The stronger the action of the rennet, the more 
quickly is the milk coagulated and the less runs out and the fewer 
spaces are uncovered. There are some objections to this test, which 
should be noted. A difference in the bore of the glass tube in 
the bottom of the cup makes a great difference in results, and it 
is found that the bore differs in different cups. In trying different 
cups, always compare them on the same sample of milk. While 
the Marschall test is convenient for ordinary factory work, it is 
not capable of as great delicacy as is the Monrad test and, therefore, 
is not so well suited for work requiring extreme precision. 


51. Ripening Milk for Cheese-Making. 


In ripening milk for cheese-making, the aim is, as in the case 
of ripening cream, to encourage the fermentation of lactic acid, but 
in a lesser degree than in cream. Let us first consider how we 
ripen milk for cheese-making and then how we determine when we — 
have ripened milk enough. 

(1.) How to Ripen Milk.—Lactic acid may be formed in milk simply 
by heating the milk to &2 degrees F. to 86 degrees F., and allow- 
ing it to stand awhile. This temperature favors the rapid growth 
of the lactic acid bacteria already in the milk and the fermenta- 
tion of the lactic acid takes place quite promptly in ordinary factory 
milk. There are times, however, when either lactic acid organisms 
are not abundant or other injurious forms of ferments are so abund- 
ant as to repress the growth of the acid-formers, and, under such con- 
ditions, it is unwise to wait for the development of the acid bacteria. 
The method is then to develop lactic acid by adding a starter. A 
starter prepared as described in section 27, p. 584, may be used, or 


. 3. Monrad’s rennet test. 
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Fig. 4. Horizontal curd-knife. Fig. 5. Perpendicular curd-knife. 


Fig. 6. Curtis improved curd-rack. 


No. 6. DEPARTMENT OF AGRICULTURE. 6i1 


Hansen’s “Lactic Ferment” can be employed to advantage. The 
amount of starter to be used in ripening milk for cheese-making 
should be from two to five pounds of starter for each hundred pounds 
of milk. The amount will vary according to the temperature of 
the air and the degree of acidity already in the milk when it comes 
to the factory. Starters should not be prepared from the mixed 
milk in the vat or from whey. 

(2.) How to Determine the Proper Degree of Ripeness.—Since ripe- 
ness in milk means formation of lactic acid, we can measure the 
ripeness of milk by determining the amount of lactic acid as in 
the case of cream, but for cheese-making purposes this method 
is not sufficiently delicate. It has been pointed out above that the 
activity of rennet is extremely sensitive to the presence of acid; 
a very minute amount of acid greatly increases the activity of the 
rennet and reduces the time in which it will coagulate milk. The 
most satisfactory test for ripeness in milk is to make use of the 
rennet test in one of the forms described in the preceding section. 
When milk is found to coagulate by the Monrad test in 45 to 60 
seconds, or by the Marschall test in two and one-half spaces, enough 
acid has developed to enable one to add the rennet for coagulat- 
ing the milk in the vats. The effect of ripening milk is to hasten 
the whole operation of cheese-making. The general aim is to have 
such an amount of acid formed when the rennet is added that 
the rest of the operation con be completed in six hours. Milk con- 
taining as much as two-tenths of one per cent. of lactic acid when 
brought to the factory is overripe and liable to make trouble in 
cheese-making. Overripe milk usually causes losses of extra amounts 
of fat and decreased yield of cheese, since it is difficult for the cheese- 
maker to control satisfactorily the different operations of cheese- 
making. 


CHAPTER VIII. 
MAKING CHEDDAR CHEESE. 


There are two methods in use for making the kind of cheese most 
commonly found in our American markets, (1) the “stirred curd,” 
or “granular” method, and (2) the cheddar method. The latter 
is probably more extensively used now. The product is essentially 
the same, though it is claimed for the cheddar system that the tex- 
ture of the cheese is more solid, and the product more generally 
uniform, and with a somewhat smaller content of moisture. We 
shall describe only the cheddar method. 

37 
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In the chapter preceding, we have prepared the milk for receiving 
the rennet. The remainder of the process can be advantageously 
described under the following divisions: 

(1.) Coagulating the milk by rennet. 

(2.) Cutting the curd. 

(3.) Heating the curd. 

(4.) Removing the whey. 

(5.) Cheddaring the curd. 

(6.) Milling the curd. 

(7.) Salting and pressing curd. 

(8.) Curing cheese. 

The subject of cheese curing is so important that we shall reserve 
its discussion for another chapter. 


52. Coagulating Milk by Rennet Extract. 


This is also called among cheese-makers “setting the milk with 
rennet.” It may be stated here, that during the process of ripening, 
the milk should be more or less constantly stirred, in order to mix 
back the cream that rises or rather to prevent its rising. The milk 
is heated gradually to &2 degrees F. to 86 degrees F., and then tested 
for ripeness. If sufficiently ripe the rennet is added at once; if. 
not ripe enough, it is allowed to stand at the given temperature 
until it gives the right test. However, if the milk is so lacking 
in acid as to require too long for the acid to form without help, then 
use a starter as described above. When the amount of acid in 
the milk is reached according to the tests given above, the rennet 
extract should be added. Three points in this connection should be 
considered, (1) the temperature of the milk when the rennet is added, 
(2) the amount of rennet extract to be added to the milk, and (3) 
the method of adding the rennet extract. 

(1.) Temperature of Milk when Rennet is Added.—There is a varia- 
tion of a few degrees in the practice of different cheese-makers. The 
temperature at which the milk is ripened should be the temperature 
of the milk when the rennet extract is added, and that point may be 
anywhere from 82 degrees F. to 86 degrees F. The advantage of 
the higher temperature is more rapid action and economy of time, 
especially in ripening, if no starter is used. Milk coagulates more 
quickly considerably above 82 degrees F. to 86 degrees F., but this 
range of temperature has been shown by experience to be the most 
desirable. At higher temperatures the curd hardens too rapidly to 
allow one to cut it conveniently, and in the subsequent process there 
is greater liability to loss of fat. 

(2.) Amount of Rennet Extract to Use-—The amount of rennet 
extract to use will depend chiefly on its strength, other things being 


No. 6. DEPARTMENT OF AGRICULTURE. 613 


equal, and this will have to be determined by the cheese-maker with 
each new lot of extract, employing the regular rennet test. The 
euide to keep in mind in determining how much rennet to use is 
this: Use enough rennet to curdle the milk in fifteen to twenty 
minutes for a quick-curing cheese, and, in thirty to forty minutes, 
for a slow-curing cheese. The rennet extracts in common use are 
added at he rate of two and one-half to five ounces for 1,000 pounds ot 
milk, but generally at the rate of from three to four ounces. 

(3.) Method of Adding Rennet Extract—The rennet extract must 
be diluted with twenty to forty times its own volume of water, which 
may be cold or at a temperature of 85 degrees F. to 90 degrees F. 
The object of dilution is to prevent uneven action of rennet on the 
milk. If undiluted rennet extract is added to a vat of warm milk, 
the portions of the milk first coming in contact with the rennet 
coagulates at once before the rennet has a chance to reach the whole 
body of milk. The diluted extract acts much less quickly and gives 
one time to mix it uniformly and thoroughly, through the whole mass 
of milk. Some makers prefer to dilute the rennet with cold water 
instead of warm, on the ground that the cold water keeps the rennet 
inactive longer and thus gives a longer time in which to mix the 
rennet completely through the mass of milk. 

Just previous to adding the rennet extract, the milk should. be 
thoroughly stirred, and then the diluted rennet should be poured 
into the milk evenly from one end of the vat to the other. The milk 
is at once gently but thoroughly stirred again so as to mix the rennet 
completely and uniformly with it, and the gentle stirring is con- 
tinued for several minutes. Then the surface of the milk is stirred 
quietly with the bottom of a dipper to keep the fat from separating, 
this movement being kept up for about half the time required to co- 
agulate the milk but stopping before there is any appearance of 
coagulation. A cioth is then placed over the top of the vat, if neces- 
sary, to keep the surface of the milk from cooling, and the milk 
is kept undisturbed while the coagulation takes place. The rennet 
does not act instantaneously so as to-show any visible signs, the 
first indication of acting being a slight thickening of the milk, shown 
by the slowness of drops of milk to fall from a thermometer or 
other object dipped in the milk and held up so as to allow the milk 
to drip from it. The coagulation goes on gradually until the whole 
mass of milk is one solid, continuous chunk of coagulum or curd, 
the result of changing milk casein into paracasein. In this process, 
the fat-golbules and also the other milk constituents are imprisoned 
in the paracasein. 


53. Cutting the Curd. 


The object of cutting the curd is to permit the whey to go out of 
the paracasein. This takes place much more rapidly and completely, 
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in proportion as the pieces of curd are smaller. The paracasein, or 
curd, as soon as formed, shows a tendency to contract and this 
shrinking naturally forces out the whey, the liquid portion of the 
curd. In cutting, the extent of surface, from which the whey can 
go out, is enormously increased. . 

(1.) When to Cut Curd.—It is a point of some importance to know 
just when to cut the curd, as this has considerable influence upon 
the rest of the operation and upon the amount of fat lost and, so, 
upon the yield of cheese. If curd is cut when it is too soft, there 
will be large losses of fat and decreased yield of cheese. If the curd 
becomes too hard before cutting, the whey is removed less easily, 
and the quality of the cheese may be injured. The test used to de- 
termine when the curd is in the right condition to cut is the follow- 
ing: The end of the index finger is inserted obliquely into the curd 
half an inch or more and then slowly raised toward the surface; 
if the curd breaks apart with a clean fracture, without leaving 
small bits of curd on the finger, and the whey in the broken surface 
is clear and not milky, the curd is in the right condition of firmness 
to be cut. 

(2.) How to Cut Curd.—In primitive methods of cheese-making, 
the curd was broken into small pieces with the fingers or with any 
kind of instrument, and no attention was given to having the small 
pieces of uniform size or shape. We now have specially devised 
knives for cutting curd, which leave the curd in small cubes about 
three-eighths of an inch in diameter. One curd knife is horizontal 
(see Fig. 4), with numerous parallel blades; the other is perpen- 
dicular (see Fig. 5). Cheese-makers differ in their practice in regard 
to which knife to use first, but it is a matter of little or no import- 
ance. In using the horizontal knife, it is carefully inserted into the 
curd at one end of the vat, care being taken not to jam the curd in 
so doing, and is then moved along from end to end until the whole 
mass has been cut. The perpendicular knife is then used at once, 
cutting not only from end to end of the vat but crosswise also. The 
movement of the knife should be somewhat more rapid toward the 
end of cutting. The object to be kept in mind in cutting is uni- 
formity in size of pieces of curd after being cut. In the case of 
very ripe or over-ripe milk, the curd should be cut finer. The fine- 
ness is governed largely by the number of times the knives are passed 
through the curd. 


54. Heating the Curd. 


As soon as the curd is cut, the whey begins to go out of it and the 
curd settles to the bottom of the vat. If it remains undisturbed, 
the cut surfaces of the curd easily reunite and, when we break them 
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apart, additional fat is lost. Therefore, as soon as the curd is cut, 
the whole mass is kept in gentle motion by careful hand-stirring 
or with a wire basket made for the purpose. Care must be taken 
to avoid any rough treatment that would crush or break the curd 
particles, the object of the agitation being simply to keep the par- 
ticles of curd moving through the whey and thus preventing their 
settling and matting. Pains must be taken to keep the curd from 
settling in the corners of the vat or attaching itself to the sides, 
since, if left in such places, it will be heated too high later. The 
whey should appear clear and be fairly free from small particles 
of floating curd. The curd contracts and hardens during this stir- 
ring, but the shrinking takes place more quickly upon the outer sur- 
face of the curd particles than upon the inside. This hardening 
of the out surface prevents the curd particles from sticking together 
so readily, but offers some opposition to the further rapid escape of 
whey. In order to favor the continuous expulsion of whey, heat is 
used at this stage. The term “cooking” is commonly applied to this 
part of the operation, but the word is misleading, since we use 
only a gentle heat and in no sense “cook” the curd. The object 
of heating is to favor the contraction of the curd and the escape of 
whey. The cause of the shrinking of curd is probably due to union 
of lactic acid with the paracasein, forming a new compound which 
has the property of contracting. The heat favors the formation of 
this new substance, and the more rapidly it forms the more readily 
the curd shrinks and forces out the whey. Heat is applied gradu- 
ally and the stirring is kept up constantly. Under normal condi- 
tions ,the heat is applied so as to raise the tempertaure of the curd 
and whey about one degree in five minutes, and rarely more than 
two degrees in five minutes. The heating should be somewhat slower 
up to 90 degrees F. than above that point, since the shrinking of 
curd takes place less rapidly below than above 90 degrees F. The 
contents of the vat should be heated finally to 98 degrees F. As the 
the temperature is increased, the curd particles become less tender, 
and toward the end of the heating they can be stirred much more 
vigorously without risk of injury. When the temperature of 98 
degrees F. has been reached, the curd is allowed to settle to the 
bottom of the vat and remain quiet with only an occasional stirring, 
until a certain amount of acid has been formed or rather until a 
certain amount of the compound of lactic acid and paracasein has 
been formed. 


55. Removing the Whey from the Curd. 


The whey should be removed from the curd when a certain amount 
of lactic acid has’ combined with the curd (paracasein) or, as the 
cheese-maker commonly says, when there is “enough acid on the 
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curd.” How can we ascertain this? The behavior of the curd will 
give us this needed information. In the first place, the curd particles 
should be contracted to less than one-half their original size, and, 
in the second place, they should be so firm and rubber-like that 
when a mass of curd is pressed together between the hands and 
then suddenly freed from pressure, they should fall apart at once, 
and show no tendency to stick together. During the heating, the 
particles of curd should be examined occasionally to ascertain 
whether they are changing on the inside as well as outside. The third 
sign given by the curd is probably the most useful to go by in de- 
ciding when the curd has been heated long enough and when the 
whey should be removed, and that is what is known as the “hot- 
iron test.” When a small mass of curd, which has been squeezed 
in the hand to remove whey, is pressed against a bar of iron, heated 
a little short of redness, and then carefully drawn away, fine, silky 
threads are formed, adhering to the iron. These strings are caused 
by the compound of lactic acid and paracasein and the more of this 
compound there is, the more the curd will string in length. So the 
hot-iron test is really a measure of the amount of acid that has 
been formed. Now, when the curd shows, by the hot-iron test, 
strings one-eighth of an inch long, the whey is drawn from the curd. 
The removal of the whey is sometimes called “dipping,” or “draw- 
ing,” the whey. When the development of lactic acid has been 
rapid or promises to be, it may be well, when the curd has reached 
98 degrees F., to let it settle and draw off part of the whey; leaving 
enough to cover the curd two or three inches deep. Then the rest 
of the curd can be removed when the curd strings one-eighth of 
an inch. Too much acid at this point must be guarded against, and 
the whey must be promptly removed when the right point is reached. 


56. Cheddaring the Curd. 


This operation is the distinguishing feature of the cheddar method. 
It consists essentially in allowing the curd to mat or pack together 
in solid chunks after the removal of the whey. The matting pro- 
cess may take place in the vat directly on the bottom or on curd- 
racks placed in the bottom of the vat or it may be removed to a 
special apparatus called a curd-sink. 

(1.) Matting Curd on Vat-Bottom.—When the bottom of the vat 
is used, the curd, after the removal of whey, is piled up along the 
two sides of the vat with an open channel between the two piles 
of curd to facilitate the running off of the whey that drains from the 
curd. When the particles of curd have matted together, forming 
one solid mass, it is cut into chunks or blocks about 8 by 8 by 12 
inches; these blocks are then turned over so that the part at first 
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uppermost comes against the bottom of the vat. Some whey drains 
out and then the blocks are piled two deep, care being taken to turn 
in the parts that have been exposed to the air. Later, the curd is 
re-piled in still deeper piles. This re-piling continues again and 
again, always. observing the precaution to expose to the air the 
portions that were turned inside on the previous piling. The object 
of this is to keep the heat uniform through the mass. 

(2.) Matting Curd on Curd-Rack in Vat.—In this case racks are 
used, made of wooden slats, just fitting nicely into the bottom of 
the vat (see Fig. 6). They are preferably made in four-feet sections. 
For their use, the vat is tipped and the curd shoved to the lower end. 
One section of rack is then placed in the empty end of the vat and 
a linen strainer thrown over it, the strainer being long enough and 
wide enough to come up over the sides of the vat. Then the curd 
is piled onto the rack, and broken apart to let the whey escape. 
After stirring over several times, it is allowed to mat evenly about 
six inches deep. If needed, the second section can be put in place 
and used for the rest of the curd, and then the whole is covered with 
the strainer cloth to keep warm and, if necessary, the whole vat 
covered with an additional heavy cloth. After ten or fifteen min- 
utes, the curd is matted together, when it is cut into blocks and 
treated as described above. 

(3.) Matting Curd in Curd-Sink.—After most of the whey is re- 
moved, the curd and remaining whey are dipped into the curd-sink 
and allowed to drain. Then proceed to mat, cut, pile and re-pile 
as stated above. All things considered, the use of a curd-sink is 
advantageous. 

Piling curd has a tendency to make a quick-curing, soft cheese. 
If a slow-curing cheese is desired, the curd should be piled only 
a little or none at all, the blocks being simply turned over and 
over in a single layer. A curd from very ripe milk should not 
be piled much. 

Cheddaring, or matting curd, accomplishes two results. First, 
the whey is expelled to a considerable extent and, second, the lactic 
acid unites with more of the curd, thus changing not only the chemi- 
cal composition but the physical condition of the curd. From a 
Spongy, tough, rubber-like consistency, with a high water content, 
the curd changes to a mass having a smooth, velvety appearance and 
feeling, and a softer, somewhat plastic, consistency. The texture 
also changes so that the curd acquires a peculiar fibrous condi- 
tion or grain, tearing off somewhat like the cooked meat of a 
chicken’s breast. Then, in addition, owing also to the increase of 
the compound formed by the curd with lactic acid, the curd forms 
longer strings on a hot iron, probably an inch or more after the 
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cheddaring has continued some time. Usually, when the curd strings 
one inch and the other physical appearances of the curd are as de 
scribed above, the curd is ready for milling. 


57. Milling the Curd. 


Milling the curd consists simply in cutting it into small pieces in 
order to salt it and handle it conveniently in putting it into hoops 
for pressing into a solid mass. Several mills are on the market 
for this purpose.. The best machines cut the curd into pieces of 
uniform size, without tearing it in pieces. When properly milled, 
there is less loss of fat and the curd is more evenly salted. After 
milling, the curd is piled up to flatten out the pin-holes and then 
stirred enough to keep it from matting together, perhaps every fif- 
teen minutes. The time for milling should come about half way 
between removing the whey and salting the curd. The breaking 
down or softening of the curd continues after milling, as a result 
of further formation of lactic acid and its combination with the para- 
casein of the curd. When the curd forms strings on a hot iron about 
two inches long, it should be salted. During all this time the curd 
should be kept warm. 


58. Salting and Pressing Curd. 


(1.) Salting.—Salt is added to curd chiefly for the flavor it im- 
parts, but the presence of the salt produces several other effects. 
It aids in removing whey; it hardens the curd; it checks or retards 
the formation of lactic acid. In the absence of salt a cheese cures 
more rapidly and is apt to develop a bitter flavor even at moderately 
low temperatures. Excessive salting makes a cheese mealy because 
too dry and the cheese cures very slowly. 

A salt of fairly coarse grain is preferable for cheese, because it 
dissolves more slowly and reaches farther into the pieces of curd. 
When the salt is added, the curd is spread out thin in order to cool 
to 90 degrees F., and the salt is mixed uniformly through the curd. 
Then the curd is stirred until the salt is completely dissolved. In 
respect to the amount of salt to use, the usual amount is two and 
one-half ounces to three pounds of salt for the curd made from 
1,000 pounds of milk. A moist curd should be salted somewhat 
more. 

(2.) Pressing.—Before pressing, the curd should be cooled to a 
temperature between 78 degrees F. and 84 degrees F. If put in 
press warmer than this, the fat runs out and is lost and it also pre- 
vents the pieces of curd sticking together perfectly. If curd is 
put in press much below 80 degrees F., the pieces do not cement com- 
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pletely and so fail to form a solid mass. ‘The main object of pressing 
is to give the cheese a definite form for market and not to squeeze 
out whey, though this is done to some extent. The whey should 
be removed from the curd while it is in the vat. No amount of pres- 
sure can make up for failure to remove the whey at the proper time. 
If the process has been properly carried on so as to form a proper 
amount of the compound of lactic acid and paracasein, and if the 
temperature of the curd, when put in the press, is not much below 
80 degrees F., a comparatively light pressure will be sufficient to 
cause the pieces of curd to cement together in a smooth, uniform and 
solid mass. The pressure should be uniform and continuous for 
twenty-four hours. When a screw press is used, the pressure must 
be applied gradually at first and care must be taken, especially dur- 
ing the first hour of pressing, to tighten the screws as quickly as 
they become loose. 

When the cheese has been in press about one hour, it is taken out, 
turned, the bandage straightened and the entire surface of the 
cheese wiped with a cloth wrung out of hot water. Seamless bandage 
is used, being cut long enough to extend over the edges on both 
ends of the cheese one and one-half to two inches. When the cheese 
is put back in press, circular cloth caps are put on between the ends 
of the cheese and the follower and are allowed to remain. 


59. Some Common Troubles of Cheese-Making. 


The conditions of temperature present during the cheese-making 
process are extremely favorable to the growth of many kinds of 
bacteria and, when certain kinds are present, we have undesirable 
forms of fermentation, producing abnormal behavior in the curd and 
defective cheese. 

(1.) Gas-Forming Fermentations.—One of the common troubles in 
cheese-making is a “floating,” or “gassy” curd. This fermentation 
produces gas in the curd and bubbles of gas cause the curd to swell, 
filling it with small holes, so that it becomes very spongy. When 
the gas is sufficiently abundant, it makes the curd light enough 
to float on the surface of the whey. The small gas holes can easily 
be seen inside the pieces of curd by cutting across them. They are 
usually known as “pin holes,’ forming a “pin-holey” curd. The 
source of this fermentation is commonly lack of cleanliness on the 
part of one or more patrons, and the different milks should be 
tested by the curd test (see section 48, p. 606), in order to detect 
the offending party. However, if one is suspicious of the presence 
of such fermentations in the milk, they can usually be prevented 
or lessened by abundant use of.a starter, developing abundance of 
lactic acid in the curd. Tt has been found that these gas-forming 
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bacteria do not usually develop in the presence of vigorous lactic 
acid fermentation. The milk is well ripened before adding rennet 
and the temperature used in heating the curd is raised somewhat 
more rapidly and two to six degrees higher than usual. The curd 
is kept warm after removing whey and the escape of gas is favored 
by frequent turning and re-piling of the curd, thus closing the 
pin holes. The gas-forming fermentations often produce offensive- 
smelling gases. When these are present in curd, they may be 
washed out by drenching the curd with hot water. When a float- 
ing or spongy curd is not properly treated, the resulting cheese is 
defective in texture and flavor, and even when these defects are 
prevented, there is extra loss of fat and of cheese yield. Prevention 
by cleanliness is the best method of treatment. 

(2.) Over-ripe Milk.—In some cases, especially in hot weather, 
the milk may have developed too much lactic acid and be on the 
verge of souring when brought to the factory. When there is so 
much lactic acid at the start, the changes in the curd take place 
much more rapidly than usual, or, as the cheese-maker says, the 
curd “works fast.” Under these conditions, the whey does not 
escape from the curd rapidly enough, that is, the curd has not 
shrunken enough when it comes time to remove the whey. Under 
these conditions, the curd is constantly and thoroughly stirred after 
the whey is removed and the whey is thus well worked out before 
the cheddaring begins. When it is known at the beginning that the 
milk is over-ripe, the milk should not be heated to the usual tem- 
perature before adding rennet, and a larger amount of rennet is 
used. After cutting, the curd is stirred until the whey is well 
separated before applying additional heat. 


60. Sizes of Cheese. 


The sizes in which cheeses are made depend upon the special 
market in which one’s product is sold. The most common size is 
15 inches in diameter and weighs from 60 to 65 pounds. Cheeses 
of the same diameter and one-half the weight are known as “flats.” 
Other sizes are 13 and 11 inches in diameter. Cheeses 7 inches in 
diameter are known as Young Americas, usually weighing 8 to 10 
pounds. 


Se 
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CHAPTER IX. 


CURING CHEESE—QUALITIES OF CHEESE. 


The importance of care in managing cheese after it is made has 
been seriously overlooked. Until quite recently, little attention 
has been given to methods of cheese-curing in this country. The rule 
has been and still is, in too many cases, to place the cheese in 
some room in the factory that is provided with no means of con- 
trolling temperature and moisture, where the variations in these 
factors follow the conditions existing out of doors. It is now being 
realized that the best-made cheese may be absolutely ruined for 
market by lack of care during the curing process. The curing of 
cheese is a part of the manufacturing process and must not be 
slighted any more than any other important step. 


61. Changes Caused by Curing Cheese. 


It is well known that cheese must have age before it is salable 
for consumption. What takes place in cheese while it is acquiring 
age, that is, while it is curing or ripening? Several different changes 
occur, which we will briefly notice. 

(1.) Loss of Moisture.—It is well known among cheese-makers 
that cheese begins to lose weight immediately from the time it is 
taken from press and placed upon the shelves of the curing room, 
and this loss continues for a long time. The rapidity and extent 
of loss of moisture in cheese during the process of curing vary with 
several conditions, such as (a) the percentage of moisture originally 
present in the cheese, (b) the texture of the cheese, (c) the size and 
shape of the cheese, (d) the temperature of the curing room, and (e) 
the proportion of water vapor present in the air of the curing room. 
The more moist a cheese is when first made, the more rapidly it 
loses moisture. Cheese with spongy texture loses moisture more 
rapidly than does cheese with perfect texture. Large cheeses lose 
moisture less rapidly in proportion to their weight than smaller 
cheeses. “Flats” lose weight more rapidly than cheeses of the 
same diameter and twice the height. The higher the temperature 
of the curing room the greater the loss of moisture. The greater 
the moisture in the air of the curing room the smaller is the loss 
of weight. 
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2.) Changes in the Paracasein.—In freshly coagulated cheese-curd, 
the milk-casein has been changed to paracasein, and, with the forma- 
tion of lactic acid in cheese, the paracasein unites with the acid 
forming a new compound. Fresh cheese has always been supposed 
to consist entirely of paracasein, except for the fat, moisture and 
salt. It has recently been discovered in the laboratory of the New 
York (Geneva) Agricultural Experiment Station that fresh or green 
cheese instead of containing paracasein, contains the lactic acid com- 
pound of paracasein. Now this compound undergoes changes in the 
course of ripening, which greatly change the whole character of the 
cheese. Green cheese is tough, somewhat rubber-like, not appre- 
ciably soluble on the tongue, difficult of digestion, and lacking 
flavor. In the course of ripening, the cheese becomes more or less 
soft, more easily digestible and acquires characteristic flavors. <A 
piece of well-cured cheese, when placed on the tongue, should dis- 
solve somewhat like a piece of cold butter, leaving no trace of harsh 
or gritty-feeling particles. Just how the flavor is produced or where 
it comes from we do not know with certainty. In normal cheese- 
ripening, the fat undergoes little or no change. The curing process 
in cheese involves the change from unmarketable to marketable 
conditions. The exact causes of these changes are not clearly known 
yet; it is probable that they are due to the combined action of ga- 
lactase, the enzyme in milk, to the pepsin enzyme in rennet, and to 
certain forms of bacteria. 


62. Temperature for Curing Cheese. 


It has been found that cheese cures more quickly at higher tem 
peratures and that, above certain temperatures, the texture and 
flavor are unfavorably affected. It was formerly thought that a 
temperature of 70 degrees F. was about right for best results. But 
it is now known that a temperature of 55 degrees F. or 60 degrees 
F. gives very much better results, and it is thought that a tempera- 
ture as low as 40 degrees F. may be still better. Cheese cured at 
75 degrees F. or above will suffer more or less from leakage of fat. 
It may be said with positiveness that cheddar cheese cured above 
60 degrees F. does not give cheese of the best quality, either in 
respect to general character or in respect to keeping qualities. 
Cheese cures more slowly at lower temperatures, but the product 
is Superior in quality. In addition, at low temperatures, less moist- 
ure is lost and one has more pounds of cheese to sell. 


63. Moisture in Air for Curing Cheese. 


The relative amount of moisture in air can be shown by an instra- 
ment (see Fig. 7), called a hygrometer, or hygroscope, which can be 
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purchased at dairy-supply houses. The relative amount of moisture 
for a curing room for cheddar cheese is from 65 to 75 per cent; the 
nearer the latter figure the better. 
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Fig. 7. Hygrometer. 


64. How to Control Moisture and Temperature in Curing Rooms. 


Ordinarily, each factory must provide for itself a suitable kind 
of curing room, if it cures its cheese properly. Of course, cheese may 
be sold and removed from the factory before it is a week old and the 
whole process of curing placed in the hands of the buyer, who 
will gain the benefit of the increased value of the well-ripened 
cheese. This, however, is better than keeping cheese at the factory 
and spoiling it. In some cases several factories may unite to build 
a central curing-house, to which the cheese, while still green, can be 
removed from the factory. But, in many cases, the factory is the 
place where the curing-room will have to be built if anywhere. 

The following statements are, for the most part, condensed from 
Prof. F. H. King’s Wisconsin Bulletin No. 70. The cuts are from 
the same source. 

Curing-rooms may be constructed above ground or under ground 
and may be of wood or masonry, or a combination. Considering 
moderate cost, convenience and efficiency, a curing-room built of 
wood entirely above ground is the most practicable for the average 
factory. 

(1.) Location.—A curing-room above ground should be placed on 
the north side of a building in order to be protected as much as 
possible from the direct rays of the sun. It is advantageous also 
if the room can be shut off on the other three sides by hallways, stair- 
ways other rooms or building screens, 
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(2.) Windows in a curing-room should be as few and as small 
as consistent with the amount of light necessary. They should be 
made double, as nearly air-tight as possible, and preferably in one 
section, fitted closely and permanently in place. If necessary to 
exclude direct sunshine, blinds or awnings should be placed outside. 

(8.) The door of a curmeg-room should be built to resemble that of 
a refrigerator. 

(4.) Walls should be built like those of cold-storage and ice-houses 
The studding outside should be covered with matched sheathing 
and drop siding, with a layer of three-ply acid and water-proof paper 
between. The paper recommended by Prof. King is manufactured 


Fig. A. Showing the construction of wood curing-room. 1, 1, 1, sill; 2, 2, 2, a two-by- 
ten spiked to ends of joist; 3, 3,3, a two-by-four spiked down, after first layer of 
floor is laid, to toe-nail studs to; 4, 4, 4, a two-by-four spiked to upper ends of stud- 
ding of first story. A, A, A, A, three-ply acid and water-proof paper. The draw- 
ing in the center shows space between studding filled with saw dust and another 
dead-air space to be used when the best ducts cannot be provided. 


(From Wis. Agr. Exp. Sta. Bul. 70.) 
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by the Standard Paint Company, New York and Chicago. In the 
inside a layer of matched sheathing is nailed to the studding, then 
strips of inch furring two inches wide, to which are nailed two thick- 
nesses of matched sheathing, with paper between. The outer air 
space between the studding is filled with sawdust or similar material 
and the spaces left by the furring are closed air-tight at the ceiling 
and floor. (See Fig. A.) 


Fig. B. Section of cheese-curing room and horizontal multiple sub-earth duct. A, inlet 
to curing room; B, end of sub-earth duct in bricked entrance to factory: C, cross- 
section of the multiple ducts; D, E, bricked entrance under funnel at outer end of 
sub-earth duct; funnel with mouth 36 inches across; G, vane to hold funnel to the 
wind; H, ventilating flue with damper. 


(From Wis. Agr. Exp. Sta. Bul. 70.) 
(5.) Ceiling and floor should also consist of two thicknesses of 


matched lumber with paper between, and joints made at corners 
should be very tight. 
40—6—1902 
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In constructing curing-rooms two things should be kept in mind; 
first, that the walls should be as nearly air-tight as possible in order 
to keep out the warmer air outside and, second, that the walls 
should be poor conductors of heat. It is advantageous to cover the 
inside walls with two coats of shellae. 

(6.) Ventilating flue in ceiling.—It is desirable to provide a tight 
ventilating flue in the ceiling of the curing-room, extending above 
the roof. Its diameter may be six to eight inches. It should be 
provided with a damper. (See Fig. B, H, I.) 


Fig. C. Showing how the funnel and vane may be mounted. A. funnel; B, shaft of 
funnel; C, C, C. l-inch gas pipe; D, D. l14-inch gus pipe: Hi, cap for support of 1-inch 
gas pipe; FE. G,H,and M Mand N N are stays of band iron bolted together and to 
the sides of the shaft to support the axis of the funnel; J, weather collar to turn 
rain out of shaft. K, L, band-iron to stiffen vane and attach it to funnel. 


(From Wis. Agr. Exp. Sta. Bul. 70.) 


(7.) Methods of Controlling Temperature and Moisture in Cheese- 
Curing Rooms Placed Above Ground.—After constructing a proper 
curing-room, it is essential to provide arrangements for controlling 
temperature and moisture. The construction of a curing-room is 
only a partial means toward this end. The following methods have 
been found effective in keeping the temeprature during summer be- 
tween 5&8 degrees and 70 degrees F. and at the same time modifying 
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the moisture content of the air favorably: (a) Ventilation by air 
forced through horizontal sub-earth ducts or deep vertical sub-earth 
ducts and wells. (b) Ventilating over ice. (c) Evaporation of water. 

Fig. B illustrates the construction of a horizontal sub-earth duct, 
which should be twelve feet or more below the surface of the 
ground and 100 feet or more in length. It is recommended that the 
sub-earth duct of three rows of 10-inch drain tile laid side by 
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Fig. D. Showing vertical sub-earth duct. A, brick chamber 25 to 30 feet below surface 
and 40 inches inside diameter; tile or conductor pipe of galvanized iron; C, main 
shaft of funnel; D, brick chamber at upper end of duct. The circle and section rep- 
resent a cast-iron plate to cover brick chamber A, and can be had of King & Walker, 


Madison, Wis. 
(From Wis. Agr. Exp. Sta. Bul. 70.) 
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side at the bottom of the trench, or the trench may be dug narrower 
and one or two feet deeper and the tile placed one above the other. 
The shaft for carrying the funnel must be made tight; it may be 
twelve inches square, if made of plank, or twelve inches in diameter, 
if made of galvanized iron. The height should be sufficient to enable 
the funnel to catch the wind readily. The construction and mounting 
cf the funnel are illustrated in Fig. C. The extreme diameter of the 
funnel should be about thirty-six inches. 

The inlet from the sub-earth duct into the curing-room must be 
provided with some arrangement of valves that will permit the air 
to be shut off wholly or partly. Too rapid entrance of air in warm 
weather will not permit enough cooling during passage through the 
duct. In case of dry winds, too rapid entrance would reduce the 
moisture too much. 

In Fig. D there is illustrated a deep vertical sub-earth duct. Such 
a duct has the advantage of requiring less piping and also less 
wind will suffice to produce a current of air. The vertical duct 
should have a depth of not less than twenty-five or thirty feet, 
provided water is far enough from the surface. Thirteen lines 
of 6-inch drain or 5-inch galvanized iron conductor pipe may be 
used and placed as in the cut. The duct should be located near 
the north end of the curing-room or directly beneath it. A hanging 
platform can be used in placing the pipes or tubes in position and 
the earth packed carefully around the pipes. An excavation of 
proper size, made as for an ordinary well, will answer the purpose. 
After the duct has been placed in position, the earth that has been 
removed can be used for filling around the duct. 

In Canada, considerable work has been done in using ice in curing 
rooms to control temperature. Where ice can be obtained conven- 
iently and cheaply, this method may be advantageously utilized. 
One or more ice boxes are placed in the curing-room, so built that air 
can circulate about the ice and into the curing-room. Also com- 
partments, filled with ice, may be made adjoming the curing-room 
on the side or above, provided with openings into the curing room 
which will allow a flow of air over the ice and into the curing-room. 

Where special means are needed to secure moisture, this can be 
effeccively done by means of yard-wide strips of any cloth material 
that has good capillary power. The pieces of cloth are hung about 
the room and kept more or less saturated with water. Experience 
will tell how much evaporating surface is needed to provide the de- 
gree of moisture needed. 


65. Qualities of Cheese. 


Certain qualities of American cheddar cheese have been' adopted 
as a basis in judging of the commercial value of one cheese ~~ ~~~ 
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pared with another. The terms used in expressing these qualities 
are the following: (1) flavor, (2) body, (8) texture, (4) color and (5) 
general appearance. 

(1.) Flavor.—By flavor, as applied to cheese, we mean the odor of 
the cheese, or really odor and taste combined. The sense of smell 
is, as a rule, more sensitive in detecting variations of flavor in 
cheese than the sense ‘of taste. Flavor in cheese is said to be 
perfect when it resembles that of first-class butter, with an added 
something of its own that can not be described. The proper cheese 
flavor should be marked but not strong. The flavor should be free 
from all other flavors, referring particularly to the more or less 
offensive products of wndesirable fermentations. The taste should 
be mild and somewhat lasting, but not be so sharp as to “bite” 
the tongue. 

Tainted flavors are-numerous in kind and name. They may re- 
semble the odor of the cow or the stable; others are characterized 
as “sweet and sickish;” others suggest the odor of rotten eggs, 
and others putrefactive smells. There is the “off” flavor of rancid 
butter, produced by too Jong keeping under improper conditions. 
This list is far from exhaustive. 

(2.) Body.—This term, as used in reference to cheese is not easy 
to define; it means about the same as substance. A cheese is said 
to have a perfect body when it is solid, firm and smooth in sub- 
stance. This quality is ascertained by pressing cheese between the 
fingers. ‘The body is said to be solid and firm, when it shows a cer- 
tain amount of resistance under pressure, somewhat like that of a 
piece of fat pork. When it does not press down readily and is 
tough, the body is said to be “corky.” The body is said to be 
smooth when, under pressure between the thumb and fingers, it 
feels smooth and velvet-like, as opposed to harsh or gritty or mealy. 
The firmness of body may be diminished by excessive moisture or by 
large amounts of fat relative to paracasein compounds, while the 
smoothness may be increased. The harsh or gritty feeling in cheese 
may be produced by removal of fat from milk, by excessive acidity 
in milk, by too much salt, or by any condition that retards or 
prevents the normal ripening of the cheese. 

(3.) Texture.—Texture, as applied to cheese, refers mainly to com- 
pactness. Uusually the body is considered as a part of texture, but 
the two qualities are usually quite distinct. The texture may be 
fine and close or porous. The texture is perfect when a cut surface 
of the inside of the cheese presents to the eye a solid, compact, 
continuous appearance, free from breaks, holes and chunks. A 
porous texture of any kind is imperfect. When a plug is drawn 
from .ne cheese, it should be smooth and not “fuzzy.” When the 


630 ANNUAL REPORT OF THE Off. Doc. 


plug is broken in two, it should not crumble, but show a flaky ap- 
pearance, termed a “flinty break,” resembling the surface of broken 
cast-iron or broken flint. Cheese should show no visible or separated 
moisture and no fat, separate from the main body of the cheese. 

(4.) Color.—Cheese, whether artificially colored or not, should be 
uniform in color and free from any mottled appearance. When held 
between the eye and the light, it-should be slightly translucent. 

(5.) General Appearance.—The rind of cheese should be smooth, 
free from cracks, and fairly hard. The bandage should be smooth 
and neatly and uniformly rounded over the edges about two inches 
on each end of the cheese. The sides of the cheese should be straight 
and of uniform height all around. The following scale of points 
is in use in judging cheese according to these qualities: 

Flavor, 45 to 50. 

Texture, 30 to 35. 

Color, 10 to 15. ; 
General appearance, 5 to 15. 


CHAPTER X., 


THE RELATION OF MILK TO CHEESE. 


For a long time, attention was so completely absorbed by methods 
of cheese-making that very little was accurately known up to ten 
years ago about the general principles underlying the methods em- 
ployed. Less than a dozen years ago we were completely in the 
dark in regard to such fundamental facts as the relation of fat 
and casein in milk to yield and quality of cheese, the character 
and extent of losses of milk constituents in cheese-making, their 
causes and remedies, the influence of removing fat from milk upon 
the composition of cheese, and in general, the detailed relations 
existing between cheese and the material from which it is made. 


66. Relation of Composition of Milk to Yield of Cheese. 


Not many years ago there was a widely prevalent, if not universal, 
belief that all kinds of milk were practically of equal value for the 
purpose of making cheese. This belief was based upon two as- 
sumptions, (1) that it is impossible to retain the fat of milk in cheese 
when the milk-fat exceeds 34 or 4 per cent., and (2) that the amount 
of casein is practically the same in all kinds of milk. What are the 
actual facts? 
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(1.) Proportion of Milk-Fat Lost in Cheese-Making in Different 
Milks.—Careful and extensive investigations have shown clearly that 
the amount of fat lost in the process of cheese-making varies com- 
paratively little whether the milk contains more or less fat. The 
following tabulated summary represents averages obtained with 
a very large number of experiments carried on by the writer with 
normal milk varying in fat content from 3 to over 5 per cent.: 
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5 to 5.25 0.81 6.00 


An examination of the figures in the third column, shows that 
about the same amount of fat is lost in the whey for one hundred 
pounds of milk, whether the milk contains 3 per cent. or more of fat. 
Looking at the figures in the last column, we see what proportion 
of the fat in milk is lost in the whey. Thus, when the milk contains 
3 to 3.5 per cent. of fat, 0.82 pound of this fat is lost for 100 pounds 
of milk, which is 9.55 per cent. of the amount of fat in the milk. The 
proportion of fat grows actually less as the milk becomes richer in 
fat. Asarule, the loss of fat in cheese-making is quite independent 
of the amount of fat in milk. 

(2.) Amount of Casein in Different Milks.—In regard to the second 
assumption made above, that the amount of casein is practically 
constant in all kinds of milk, we can say that our work and the 
work of others does not justify the statement. As a rule, when fat 
in milk increases, the casein also increases, though not in quite the 
Same proportion. Above 4.5 per cent. of fat, the casein appears to 
increase less rapidly than in milks containing less than 4.5 per cent. 
of fat. In the tabulated data given below, one can see about how 
fat and casein are related to each other in milk containing different 
amounts of fat: 


. 
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NS eee 
Per Cent. of Fat in Milk. Per Cent. of Casein in Milk. 
3 2.10 
3.25 2.20 
3.50 2.30 
3.75 2.40 
4.00 2.50 
4.25 2.60 
4.50 2.70 


In general, when the fat increases one-fourth of one per cent., the 
casein increases about one-tenth of one per cent.. 

Now, we wish to make use of the foregoing facts in showing that 
the composition of milk does necessarily influence the yield of 
cheese. 

(3.) Increase of Cheese Yield with Increase of Fat in Milk.—We 
must bear in mind that the two solid constituents of milk which 
are chiefly concerned in making cheese are fat and casein. We 
have just seen that when milk grows richer in fat it also grows 
richer in casein, and richer milks therefore contain larger quantities 
of the materials that make cheese. Since the yield of cheese de- 
pends primarily upon fat and casein, and since these costituents 
vary in milk, it must follow that the cheese yield depends upon 
the composition of the milk, varying as the fat and casein in the 
milk vary. In the following table, we give the approximate yield 
of cheese for milk containing different amounts of fat, varying from 
3 to 4.5 per cent. 


Per Cent. of Fat in Milk. Pounds of Cheese wide from 100 Pounds of 
ilk. 
3 8.55 
3.25 9.10 
3.50 9.60 
3.75 10.10 = 
4.00 10.65 
4.25 11.20 
4.50 11.70 


These figures show that as milk grows richer in fat the same 
amount will make more cheese. In average cheese-factory milk, 
the approximate amount of green cheese can be found by multiplying 
the per cent. of milk-fat by 2.7. 


67. Losses of Milk Constituents in Cheese-Making. 


What constituents of milk are normally lost in cheese-making? 
What amounts are to be regarded as normal losses? What causes 
the necessary losses? What conditions produce unnecessary losses? 
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(1.) Cheese-Producing and Whey-Producing Solids in Milk.—Of 
the milk constituents, most of the water, albumin and sugar goes 
in to the whey, with more or less of the mineral constituents, to- 
gether with small amounts of fat and casein. We may, therefore, 
call the albumin and sugar and water whey-producing constituents, 
while the casein and fat are cheese-producing constituents. Of 
course, some water and small amounts of albumin and sugar go into 
the cheese. In the following table we illustrate how these different 
constituents of milk are distributed in the whey and cheese: 


Table Showing Distribution of Milk-Constituents of 100 Pounds of 
Milk in Whey and Cheese. 
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On an average, 49.5 per cent. of the milk solids goes into the whey, 
and 50.5 per cent. into the cheese. In poor milks, a larger propor- 
tion of the solids goes into whey; in rich milks, a larger propor- 
tion goes into cheese; in other words, milk rich in fat contains a 
larger proportion of cheese-producing solids than does milk poorer 
in fat. Put in another way, of the solids contained in 100 poands — 
of average factory-milk, about 6.25 pounds go into whey and 6.50 
pounds into cheese. 

(2.) Loss of Milk-Fat in Cheese-Making—For 100 pounds of milk, 
there is lost in whey in cheese-factory work from 0.20 to 0.50 pound 
of fat; the average is 0.33 pound. As we have stated previously, the 
amount of fat lost in cheese-making is practically independent of 
the amount of fat in the milk used. When a cheese-maker says that. 
he cannot make cheese from normal milk containing over 3.5 or 4 
per cent. of fat without having extra large losses of fat in whey, 
he classes himself as an incompetent workman. 

Why is it necessary to lose any milk-fat in cheese-making? We 
have seen that fat is present in milk in the form of very small balls 
or globules, distributed through the milk in enormous numbers. 
Now, when rennet coagulates or solidifies the milk casein through- 
out the mass of milk, the fat-globules are retained or imprisoned 

38 
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in the solidified mass just where they happen to be at the instant. 
coagulation takes place. When the curd knife passes through the 
solid mass, large numbers of fat-globules are exposed on every 
cut surface, and many of these fall into the whey and so are not 
retained in the cheese. 

What conditions contribute to loss of milk-fat in cheese-making? 
In abnormal milk, when the casein is small in amount in propor- 
tion to fat or when it fails to coagulate normally, there are extra 
losses of fat. Any condition that interferes with complete coagu- 
lation by rennet, such as marked dilution of milk by water, presence 
of preservatives like salt, formalin, ete., is likely to increase loss 
of fat. Jarring or stirring the milk after coagulation has com- 
menced and before it is completed results in increased loss of fat. 
Other conditions causing abnormal losses of fat are cutting the 
curd when it is too soft or cutting it too fine; violent, careless and 
rapid motions of knife in cutting curd; heating curd too rapidly 
or too high; piling curd too much; putting curd to press too warm; 
too rapid application of pressure in cheese hoop. Fermentations 
producing floating curd, excessive acidity of milk and forms of fer- 
mentation that dissolve casein also contribute to losses of fat in 
cheese-making. 

(3.) Loss of Milk-Casein in Cheese-Making.—The casein lost in 
cheese-making is probably lost mostly in the form of fine particles of 
coagulated paracasein, which pass through the strainer when the 
whey is removed from the curd. These minute particles can readily 
be seen by letting a pail of freshly-drawn whey stand until the curd 
particles settle, and then pouring off the whey, when a noticeable 
quantity of finely-divided curd can be seen at the bottom of the pail. 
This passage of curd into whey is not entirely avoidable, but is 
. made needlessly greater by careless or violence in cutting ‘curd 
and in subsequent handling, by agitation while drawing off the whey 
and by imperfect strainers. Any condition that interferes with 
the complete coagulation of milk-casein by rennet causes loss of 
casein. Some forms of fermentation convert the casein into com- 
pounds not acted on by rennet or dissolve the curd after coagula- 
tion, and thus cause a loss of 0.10 to 0.15 pound of casein, and this 
loss appears to be quite independent of the amount of casein in 
the milk. 


68. Relation of Composition of Milk to Composition of Cheese. 


It was formerly believed that cheese of the same composition is 
made from all kinds of milk. On this assumption the partial skim- 
ming of milk for cheese-making was defended. 

(1.) In Normal Milk.—In the following table, we present some 
figures showing how the change in composition of milks affects the 
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composition of the cheese made from those milks, the conditions of 
manufacture being the same: 


Per cent. of fat in Per cent .of water in Per cent. of fat in Per cent. of para- 
milk. cheese. | cheese. | casein compounds in 
cheese. 
3 39.4 32.2 23.4 
Seed 39.0 32.9 23.1 
3.50 38.1 33.9 23.0 
3.75 37.5 34.7 22.8 
4.00 37.3 35.2 22.5 
4.25 37.0° 35.7 22.3 
4.5 36.5 36.3 22.2 


These figures show that in cheese made from poorer milk, the 
cheese contains in 100 pounds more water and more paracasein 
and less fat. As the milk grows richer in fat, the fat in the cheese 
increases in proportion to water and paracasein compounds. Hence, 
it is very clear that the composition of cheese is dependent upon 
the composition of milk, provided, of course, the cheese is made in 
a normal manner, so as to avoid excessive losses of fat. 

(2.) In Skim-Milk.—In what respect does cheese made from normal 
milk differ from that made from milk which has had more or less 
of its fat removed? First, let us see in what way removal of 
fat from milk affects the composition of the milk. We will illus- 
trate by taking milk containing 4 per cent. of fat and 2.50 per cent. 
of casein, and remove from the milk varying amounts of fat. The 
results are indicated in the following table. We assume here that 
we simply remove fat without any other constituents: 
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With additional removal of fat from milk, the fat in milk decreases 
constantly, while we represent the casein that remains as being the 
same, though in actual practice it would increase a little. While 
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in the normal milk the casein is very much below the fat in quantity, 
the casein gradually becomes nearer in amount to the fat until 
they are equal, after which further removal of fat steadily reduces 
the amount of fat below that of casein. These changed relations 
are shown in the last column. In normal milk, there is for one 
pound of fat less than two-thirds of a pound of casein. When 
1.5 pounds of fat have been removed from the milk, the amounts of 
fat and casein in the resulting skim-milk are just equal, or as one 
to one. After taking out 3 pounds of fat from 100 pounds of milk, 
we have left in the resulting skim-milk two and one-half times as 
much casein as fat, and, with the removal of 3.5 pounds of fat, the 
remaining skim-milk contains five times as much casein as fat. 
We have already seen above what effect this has on the composi- 
tion of cheese made from such milk. The casein and water rapidly 
increase in the cheese, while the fat decreases. The tabulated fig- 
ures below give the practical composition of cheese made from some 
of the milks represented in preceding table: 
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(3.) In Milk Containing Added Cream.—The addition of cream to 
normal milk has, both upon the milk and the cheese made from it, 
an effect contrary to that produced by removing fat from milk. 
The greater the amount of cream added to normal milk, the greater 
will be the proportion of fat, both in the milk and in the cheese 
made from it, and the less in proportion will be the casein and 
water in both the milk and the cheese. 


69. Composition of Milk in Relation to Quality of Cheese. 


It has been well established that the relation of fat to casein in 
milk governs, to some extent, the commercial quality of the cheese, 
other conditions being the same. How closely dependent quality 
of cheese is upon the relation of fat to casein in milk we cannot 
say in all cases. Starting with extremes, we know that the char- 
acter of skim-milk cheese, which is mainly casein and water and 


—— 


No. 6. DEPARTMENT OF AGRICULTURE. 637 


salt, is very different from that of whole-milk cheese. Skim-milk 
cheese is usually lacking in fine cheese flavor and is more often 
“off” in flavor, and usually contains abnormally large proportions 
of water. It aequires bad flavors easily. It is usually imperfect in 
texture and “corky” in body. We also know that cheese made from 
milk containing added cream is superior in flavor and other palat- 
able qualities to that made from normal milk. As a rule, cheese 
made from the milk of Jersey or Guernsey cows is superior to that 
made from the milk of Holstein cows. In general, the greater the 
proportion of fat to casein in milk the better is the quality of the 
cheese made from such milk. 


70. Standard of Composition for Whole-Milk Cheese. 


How can we distinguish whole-milk cheese, commonly called 
“full creams,” from cheese made from partially skimmed milk? 
As a rule, cheese made from normal milk will rarely be found to 
contain less than 32 per cent. of fat, even in the green cheese, and, 
of course, much less likely to when it comes into market after losing 
considerable moisture. Cheese made from normal milk would be 
apt to contain less than 32 per cent. of fat only in case of some 
abnormal conditions of manufacture, by which the cheese was made 
to contain an excessive amount of moisture or lose an excessive 
amount of fat in the process of making. 

Then, again, if we take the solids of the cheese as a basis for 
a standard, we find that rarely, if ever, does cheese made from 
normal milk have its solids consist of less than 50 per cent. of 
fat. Taking the solids of average cheese, leaving the water out 
of consideration, we have in 100 pounds of cheese 35.2 pounds of 
fat, 22.5 pounds of paracasein compounds, and about 5 pounds of 
salt, ash, etc., making a total of 62.7 pounds of solids in 100 pounds 
of cheese, the rest being water. Now, of the 62.7 pounds of solids 
in 100 pounds of cheese, 35.2 pounds are fat, and this amount is 
56 per cent. of the total solids. In this case the fat would have 
to drop below 31.5 per cent. in the cheese in order to be 50 per 
cent. of the total solids of the cheese. 


71. Methods of Paying for Milk for Cheese-Making. 


Until ten years ago or less, the universal custom prevailed of 
paying for milk at cheese factories by weight alone. This method 
was based upon the erroneous supposition that, for the purpose 
of making cheese, milk is milk, and that all kinds of milk are of 
equal value for cheese-making. he data presented in the preced- 
ing pages show by overwhelming evidence that these suppositions 
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are false. We know that milk varies greatly in its composition and 
that the cheese-making value of milk varies with its composition. 

In paying for milk for cheese-making, absolute fairness can be 
realized in every individual case only by a careful, direct determina- 
tion of both fat and casein, the two solid constituents of milk that 
make cheese, but this is not practicable. However, fat in milk 
alone can be used as a fair basis in determining the value of milk for 
cheese-making, for the reasons (1) that the amount of cheese made 
from different milks is nearly, not exactly, in proportion to the 
amount of fat present in milk, and (2) that cheese made from milk 
rich in fat has a higher quality and market value than cheese made 
from milk poorer in fat. 

When milk is paid for by weight alone, each patron receives 
the same amount of money for 100 pounds of milk, without any 
regard whatever for the composition of the milk or the amount of 
cheese it will make. The amount of cheese made from 100 pounds 
of each kind of milk specified in the table below is the sum of 8.55 
pounds and 10.40 pounds, or a total of 18.95 pounds, which, at 10 
cents a pound, brings 189.5 cents. This is divided equally between 
the two patrons, because each furnishes the same amount of milk. 
Hence, each receives 94.75 cents for the cheese made from his milk. 
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When payment is made by the weight-of-milk method, A receives 
the same amount of money for 8.55 pounds of cheese that B receives 
for 10.40 pounds; A receives over 11 cents for each pound of the 
cheese made from his milk, while B receives only 9.1 cents a pound ~ 
for the cheese made from his milk. A receives 31.6 cents for each 
pound of his milk-fat, while B receives only 23.7 cents for each pound 
of his. <A receives for 100 pounds of milk 12.65 cents, which belongs 
entirely to B, because this extra money comes solely from the ad- 
ditional amount of more valuable cheese produced by the milk of B. 
One method makes no difference in the value of the milk furnished, 
while there actually exists a difference of 25.3 cents for 100 pounds 
of milk in favor of B. Estimated for a season, the difference be- 
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tween the dividends of A and B should be not less than $7.50 for 
each cow. That gross injustice is inevitably done, when milk is 
paid for by the weight-of-milk method, must become too obvious to 
require further discussion. 


72. Calculating Dividends on Milk-Fat Basis at Cheese Factories. 


In section 46, p. 602, details were given, showing how to calculate 
dividends at creameries when payment is made on the basis of the 
milk-fat. The same method applies in all details to the calculation 
of dividends on the milk-fat basis at cheese factories. 


73. Composition of Whey. 


Whey varies in composition according to the composition of the 
milk from which it comes and also according to the conditions of 
manufacture employed in cheese-making. The following table gives 
the extremes and average of composition of whey, as found in New 
York State cheese factories: 
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In comparison with skim-milk and buttermilk, we notice in whey 
a smaller amount of casein and a little more fat. Whey may be 
used as food for calves and pigs, but is better used when sweet and 
in connection with other foods. The feeding value of whey has been 
estimated to be about seven cents per 100 pounds. It is a good plan 
to sterilize whey in the whey-vat and keep the vat as clean as pos- 
sible. 


74. Composition of Cheese. 


We have already studied to some extent the variations found in the 
composition of cheese and the causes of these variations, as they 
are related to the composition of milk and conditions of manu- 
facture. In the table following, we will give the average composi- 
tion of cheese in the green condition and the same when ripened in 
condition for consumption: 
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75. The Value of Cheese as Food. 

There is more or less prejudice against cheese as an article of diet 
on the ground of its being indigestible. This prejudice has arisen, 
undoubtedly, because skim-milk cheese and uncured whole-milk 
cheese are difficult cf digestion. Many of our American people 
want something very mild in flavor and pretty solid in consist- 
ency. They find these conditions in cheese partly cured and in 
well-made skim-milk cheese. For the average stomach, cheese should 
be cured two months or more, according to the temperature, before 
it iseaten. People should be taught to eat only well-ripened cheese. 
rhe test of the proper ripeness of cheese is that a piece placed on 
the tongue and held a little while dissolves completely. By curing 
at low temperatures for longer periods of time, it is easily possible 
to produce cheese showing this behavior and at the same time having 
a mild flavor. We will briefly consider some of the strongest claims 
cheese has as an article of diet. 

(1). Cheese is One of Our Most Concentrated Foods.—Taking vari. 
ous common foods, and considering the amount of water and waste 
portions present in them and the amount of actual food materials 
contained in them, we can present the following figures: 
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These figures show very clearly that, of our more common foods, 
cheese is among the most highly concentrated. 

(2.) Cheese is One of Our Cheapest I’oods.—Taking average market 
prices and computing the price we pay for actual food materials, 
excluding water and waste, we have the following figures, as repre- 
senting the cost of one pound of actual food material in the foods 
given: 
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(3.) Cheese furnishes a larger amount of protein than any other 
ordinary available food excepting canned and dried meats. Protein 
is an extremely valuable food constituent, furnishing, as it does, 
material for lean flesh, albuminoids, nitrogenous compounds of the 
blood, nerve tissues, tendons, skin, hair, etc. No other food element 
can take the place of protein. Cheese contains about one-fourth of 
its own weight of protein. The cost of protein in cheese is probably 
less than in any other food material, speaking of our American ched- 
dar cheese retailing at 15 to 20 cents a pound. 


CHAPTER XI. 


METHODS OF TESTING MILK AND ITS PRODUCTS. 


76. The Need of Tests. 


It is necessary to ascertain the amount of some of the constitu- 
ents of milk and of its products in order that we may be in position 
to judge the value of the materials in question for one purpose or 
another. Thus, at creameries, cheese factories and milk stations, 
it is necessary to determine the amount of fat in each patron’s 
milk, in order to pay for the milk on the basis of the fat content. It 
is necessary for a dairyman who would be progressive to know the 
amount of fat in the milk of each individual cow of the herd, in 
order to know what the value of the cow is to him; because, only by 
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such knowledge can one obtain the most profitable herd. Fre- 
quently, in making butter, it is desirable to know the amount of 
fat present in cream, also in the case of selling cream. Then, it is 
necessary, mM butter-making, as previously pointed out (see section 
28, p. 44) to determine the amount of acid in cream, frequently, also, 
in selling milk, in order to ascertain the approximate age of milk 
when it is received by the retailer. Another form of test that 
dairymen have occasion to make, especially where they purchase 
milk from other parties, is the estimation of solids in milk to find 
out if the milk has been adulterated by addition of water or by 
removal of fat. From these preliminary statements, it can readily 
be seen how important a part the testing of milk and its products 
plays in the problems which the dairyman constantly has before 
him. 


77. The Babcock Test. 


The Babcock test is a method for determining the amount of fat 
in milk and its products. It was devised in 1890 by Dr. S. M. Bab- 
cock, chief chemist of the Wisconsin Experiment Station. It is 
probably not too much to say that, in giving to dairymen this simple 
method of finding out how much fat a sample of milk contains, Dr. 
Babcock made the greatest contribution to the real progress of 
dairying ever made by any one man. There are other tests which 
are, more or less, imitations of the Babcock test, but mone that, in 
all respects, equals it. 

In general, this test is based on the action of strong sulphuric 
acid upon milk-casein, albumin and milk-sugar, by which the milk- 
fat is released from the influence of these other compounds and 
thus is free to collect in one separate mass. In order to hasten the 
complete separation of the fat from the rest of the liquid, centrifugal 
force is employed. 


78. Advantages and Disadvantages of the Babcock Test. 


Before describing in detail the method of employing the Babcock 
test, it is desirable to call attention to the special points of its merits 
and demerits. 

(1.) Advantages.—(a.) The apparatus and materials are inexpen- 
sive, both in respect to first cost and also cost of making tests. (b.) 
The test is accurate enough for all practical purposes, giving the 
real per cent. of fat within two-tenths of one per cent., comparing 
most favorably with the most accurate laboratory methods. (c.) 
The test is quickly made, requiring less than fifteen minutes. (d.) 
The operation of the test is simple and easy. Only one chemical is 
used and no chemical training or knowledge is necessary to operate it. 
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(e.) The percentage of fat in each case is shown directly to the 
eye without special calculations or reference to tables. (f.) Only a 
small amount of milk is required to make the test. (g.) The appa- 
ratus does not readily get out of order and chances for accidents are 
absent with properly made machines. (h.) One sample or a large 
number of samples can be tested at the same time with the same 
facility. (i.) The results can be easily confirmed by repetition of 
tests. (j.) Completed tests can be set aside and will keep for future 
reference for a long time, if desired. (k.) The accuracy of the appa- 
ratus employed can be easily ascertained. (1.) Sour milk can be 
correctly tested, provided it can be correctly sampled. (m.) The 
test can, with some little modifications, be used in determining the 
amount of fat in cream, skim-milk, buttermilk, whey, condensed milk 
and cheese. (n.) The test is applicable to all kinds of milk of which 
good samples can be obtained, without regard to breed or other con- 
ditions. 

(2.) Disadvantages.—(a.) Sulphuric acid, which is used in the test, 
is a dangerous substance, if handled carelessly. Therefore, its use 
requires constant atiention and caution. ‘(b.) The strength of the 
acid must be uniform and so must be examined from time to time. 
(c.) The speed of the centrifugal machine used must be properly 
regulated in order to secure correct results. (d.) The temperature 
of the milk at the beginning and end of the test must be controlled. 
(e.) The graduated glassware is sometimes incorrect. (f.) Attention 
must be’ carefully given to every detail of the operation, if correct 
results are to be obtained. These disadvantages, it will readily be 
seen, are all easily overcome. They are all practically summed 
up in the one requirement that careful attention must be given to 
all details. Any person who cannot be careful should not try to 
use the Babcock test in responsible work, much less should he try 
to use any cther; in fact, such a person has no place in a creamery 
or cheese factory or in any dairy operations. 


79. Description of Apparatus and Materials Used in Making Babcock 
Test. 


(1.) Test Bottles.—The form of bottle used in this test is shown 
in Fig. 8. The neck is so graduated that each division represents 
two-tenths of one per cent. and five of the divisions represent one 
per cent. when 17.5 cubic centimeters or 18 grams of milk are used 
in the test. The graduation extends from 0 to 10 per cent., a range 
sufficient for all ordinary work with milk. When cheese or cream 
is tested for fat, a bottle like that shown in Fig. 18 or 19 is used. 
When skim-milk, buttermilk or whey is to be tested, bottles like that 
shown in Fig. 20 or 21 should be used according to directions given 
hereafter. 
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The divisions on the neck of the bottles should be uniform and 
the lines run straight across the neck, and not obliquely. When the 
numbers or lines become indistinct from having the blackened por- 
tions washed off, they can be restored by rubbing over the scale 
with a lead pencil or with a cloth having a little black paint on it. 
Each bottle should be numbered. A convenient way is to have the 
number stamped on a copper ring and slip this over the neck of the 
bottle. 

The accuracy of the scale on the neck of the bottle can be ap- 
proximately tested as follows: Fill the bottle to the mark with 
water, wipe out the neck of the bottle with a piece of filter or blot- 
ting paper and then measure into the bottle 2 c. c. of water with 
an accurate pipette; this should fill the bottle to the 10 per cent. 
mark. If bottles vary more than 0.2 per cent. in the whole length of 
the scale from 0 to 10 per cent., they should not be used. 

(2.) Pipette for Measuring Milk—A pipette like that shown in 
Fig. 9 is the form commonly used. This should hold 17.6 c. c. when 
filled to the mark. This will deliver about 17.5 c. c. of milk or 
18 grams. It is important that the pipette should be accurate and 
should hold exactly the amount stated above. Other forms of 
pipette for measuring either milk or acid are shown in Figs. 11 
and 12. 

(3.) Measure for Acid.—A cylinder of glass like that shown in 
Fig. 10, with a lip to pour from and a single mark at 17.5 ¢. ¢. is 
the form commonly used. It is not necessary that this measure 
should be completely accurate, since the amount of acid used can 
be varied a little without affecting the test. In Figs. 13 and 14 are 
shown automatic pipettes which may be used to advantage where 
a large number of tests is made daily. This apparatus saves much 
time but has the disadvantage of being somewhat expensive and 
readily broken unless carefully handled. The automatic pipettes 
shown in Figs. 11 and 12 will probably be found to be the most 
convenient for the majority of those who use the test. 

(4.) Centrifugal Machine.—Various forms of centrifugal machines 
have been devised for this work (see Figs. 15, 16 and 17). A wheel 
less than twelve inches in diameter should not be used and it need 
not exceed twenty inches. A wheel measuring twelve inches in di- 
ameter should be made to revolve 1,200 times per minute, while, 
for those of larger diameter, a smaller number of revolutions will 
suffice, but not less than 700 revolutions per minute should be used 
for the larger ones. It is better to use a machine in which the mo- 
tion is transmitted by cog wheels, since, when the motion is trans 
mitted by belt or friction, there is danger of slipping; and the result 
is much less motion than is intended and an imperfect separation 


Fig. 15. Small-sized tester. 


Fig. 17. Turbine steam tester. 
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of fat. Machines which carry an even number of bottles are to be 
preferred. The best form of machine for use in factories is a steam 
turbine machine. They have the advantage of maintaining an even 
speed, they keep the bottles hot and supply distilled water for filling. 

(5.) Commercial Sulphuric Acid (Oil of Vitriol)—This should have 
a specific gravity of 1.82 to 1.83. If the acid is much stronger, the 
fat will be dark in color and its amount hard to read. If the acid 
is weaker than 1.82, there is lability of some casein remaining un- 
dissolved and this will mingle with the fat and make the test un- 
satisfactory. If the acid is too strong, good results may be secured 
by using less. It is best to purchase acid at 1.82 or a trifle above 
and not attempt to dilute the strong acid. Dairy-supply houses 
should keep acids of the right strength made up in carboys for the 
trade. The acid should be kept in tightly stoppered bottles, because, 
if exposed to air, it rapidly absorbs moisture and becomes too weak. 
The stopper should be of either glass or rubber and, in no case 
should a common cork be used, since it would be quickly destroyed 
by the acid. Sulphuric acid is extremely corrosive and is danger- 
ous to handle except with care. It quickly ruins clothing or leather 
on which it falls and seriously burns the skin if left in contact with 
the acid for a few minutes. If sulphuric acid gets upon the skin 
anywhere, it should be immediately and thoroughly washed with 
abundance of water. Too great care can not be exercised in handling 
this acid. 


80. How to Sample Milk for Testing. 


(1.) Conditions Making Sampling Difficult——Milk that has soured 
and thickened or in which cream has risen and dried, so as to 
form a clot or skin, is difiicult to sample properly and will gen- 
erally be found to give low results. The same is true of milk in 
which the fat has been partially churned and formed into little butter 
granules that rise quickly to the surface. Such churning is liable 
to occur in milk that is transported long distances in vessels that 
are not full. However, these difficulties are seldom met in milk 
that has received careful attention in its prelimimary handling. 

(2.) How to Take a Sample of Milk for Testing.—The sample to 
be tested is thoroughly mixed by pouring the milk from one vessel 
to another two or more times, thus making every part of the milk 
contain the same amount of fat. If the pipette is not dry, when 
used, it should be filled with the milk to be tested and then thrown 
away before taking the sample for testing. The measuring pipette 
(see Fig. 9), is at once filled with milk after the mixing by sucking 
up the milk into it, until it reaches above the mark on the stem 
of the pipette. Then the forefinger, which must be dry, is quickly 
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placed over the upper end of the pipette before the milk runs down 
below the mark. A little practice will be required to do this. By 
lightening the pressure of the finger cn the end of the pipette, the 
milk is allowed to flow out until it just reaches the mark on the 
stem. If the pipette is correctly made, the quantity of milk in 
the pipette is just 17.6 cubic centimeters. 


81. Running Milk Sample into Test Boittle. 


Having the pipette containing just 17.6 c. c. of milk, we now hold 
the pipette obliquely, placing its point in the neck of the test bottle 
and the milk is allowed slowly to flow down the inside of the neck. 
Not a drop-of milk should be lost in this operation. The portion of 
milk remaining in the point of the pipette is removed by blowing 
through the pipette before removing it from the test bottle. The 
pipette should never be held perpendicularly straight over the test 
bottle, running the milk straight down in, since the neck may choke 
up with milk and run over the top. 


82. Adding Acid to Milk in Test Bottle. 


(1.) Strength of Sulphuric Acid for Test.—The sulphuric acid to 
be used in the Babcock test must have a strength corresponding to 
a specific gravity not below 1.82 or above 1.83. If the acid is 
stronger, the fat in the final part of the test will be dark in color and 
its amount hard to read. If the acid is weaker than 1.82, there is 
danger of some casein remaining undissolved and this will mingle 
with the fat and make the test unsatisfactory. It is possible to 
secure good results with strong acid by using somewhat less, but 
it is best to purchase acid of just the right strength. The sulphuric 
acid should be kept in bottles tightly stoppered with glass stoppers, 
because it rapidly absorbs moisture and becomes too weak in time if 
exposed to the air. 

(2.) Caution in Handling Acid.—If, in handling, sulphuric acid 
gets on the skin anywhere it should be immediately and thoroughly 
washed with abundance of water. Too great care cannot be exer- 
cised in handling this acid. 

(3.) Measuring Acid and Adding to Milk.—When one has the 
samples of milk ready in the test bottles, then the acid measure is 
filled to the 17.5 c. c. mark, and from this is poured into the test 
bottles. The acid being much heavier than the milk sinks to the 
bottom of the bottle without mixing, the milk floating on top. Much 
care should be exercised in pouring the acid into the test bottle 
containing the milk. This is best done by holding the bottle in an 
inclined position, so that the acid will follow the inside walls down 
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to the bottom of the test bottle and not drop through the milk in 
the center of the bottle; and, moreover, unless this is done, the neck 
is liable to choke up and cause the acid to overflow on one’s hands. 
Failure to observe this precaution will generally cause blackening 
of the fat. The pouring should be slow and steady. It is well, 
also, while pouring in the acid, to tarn the test bottle around slowly 
so that the acid may successively come in contact with the different 
portions of the inside walls of the neck and wash down any milk 
adhering. Unless this is done, some milk may remain in the neck, 
in which case its casein will be precipitated and not redissolved 
and thus the fat will contain particles of casein. 

(4.) Mixing Milk in Test Bottle—As soon as the acid has been 
measured into the test bottle, the acid and milk should be thoroughly 
mixed. This is best done by giving the bottle a rotary motion, 
with gentle shaking. Much motion up and down should be avoided, 
since milk may be thrown up into the neck beyond the reach of the 
acid and undissolved casein resulting from this will mix with the 
fat; and ,then, violent motion up and down might throw some of the 
acid out upon one’s hands or clothing. When the acid and milk 
first mix, the casein is precipitated in a more or iess solid mass, 
which gradually redissolves. The mixing once begun should con- 
tinue wotil one has made certain that the casein is entirely redis- 
solved. The chemical action of the acid upon the compounds of the 
milk produces much heat and, as stated above, the solution, at 
first yellow, changes gradually through varying shades of yellow 
and brown to a dark-brown colcr, provided the acid is not too 
strong. This color is due mainly to the charring or partial burning 
of the milk-sugar by the acid. Samples of milk that have been 
preserved for some time with potassium bichromate or formalin 
require rather more time and agitation for redissolving the casein 
than do samples of fresh milk. 


83. Whirling Test Bottles. 


(1.) Whirling the Bottles——The test bottles containing the mixture 
of milk and acid should be placed in the machine and whirled 
directly after the acid is added. An even number of bottles should 
be whirled at the same time, and they should be placed in the 
wheel in pairs opposite to each other, so that the equilibrium of 
the apparatus will not be disturbed. When all of the test bottles 
are placed in the apparatus, the cover is placed upon the jacket, 
and the machine turned at the proper speed, 600 to 1,200 revolutions 
per minute, according to diameter of tester, for about five min- 
utes. The test should never be made without the cover being 
placed upon the jacket, as this not only prevents the cooling of the 
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bottles when they are whirled, but in case of the breakage of 
bottles may protect the face and eyes of the operator from injury by 
pieces of glass or hot acid. The machine should be frequently 
examined to make certain that there is no slipping of belts or 
frictional bearings which may cause too slow motion and result in 
an imperfect separation of the fat. Managed in this way no extra 
heat is required, as that caused by the chemical action is sufficient 
to keep the fat liquid. If the bottles have stood, after the acid 
is added, until the contents are cooled below 100 degrees F., they 
should be warmed to about 200 degrees F. by placing them in hot 
water before whirling. 

2.) Filling the Bottles with Hot Water.—As soon as the bottles 
have been sufficiently whirled, they should be filled only to the neck 
with hot water. If practical, distilled or rain water should be used 
for the purpose. The bottles are most conveniently filled by placing 
a vessel containing boiling water above the machine, and by means 
of a syphon made from a small rubber tube with a glass tip, run 
the water directly into the bottles without removing them from 
the wheel. The flow of water can be perfectly controlled by a 
pinch-cock upon the rubber tube. If only a few tests are to be 
made, the bottles may be easily filled with a pipette, or by pour- 
ing from a graduate. The cover should then be replaced and the 
machine turned for about one minute, after which the neck of each 
test bottle is filled with hot water to the upper limit of the scale 
or nearly so, and the whirling is then repeated for another minute. 
Unless the hot water is added in two portions, the fat is often apt 
to be mixed with particles of various impurities, which render 
the reading uncertain. 


84. Measuring Amount of Fat. 


After the last whirling is completed, the test bottles are removed 
from the machine and placed in water which has a temperature 
between 140 degrees and 150 degrees F. The per cent. of fat is 
read at this temperature. To measure the fat, hold the test bottle 
upright, having the graduated scale on a level with the eye; notice 
the divisions which mark the highest and lowest limits of the fat. 
The difference between gives the per cent. of fat directly. The read- 
ing can easily be taken to half divisions or to one-tenth of one per 
cent. 

The line of division between the fat and the liquid beneath 
is nearly a straight line and no doubt need arise concerning the 
reading at this point, but, the upper surface of the fat being 
concave, errors often occur by reading from the wrong place. The 
reading should be taken at the line where the upper surface of 
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the fat meeis the side of the tube and not from the surface of fat 
in the center of the tube nor from the bottom of the dark line caused 
by the refraction of the curved surface. 

The reading may be made with less liability of error by meas- 
uring the length of the column of fat with a pair of dividers one 
point of which is placed at the bottom and the other at the upper 
limit of the fat. The dividers are then removed and one point being 
placed at the o mark of the scale on the bottle used, the other 
will be at the per cent. of fat in the milk examined. 

Sometimes bubbles of air collect at the upper surface of the 
column of fat and prevent a close reading; in such cases a few 
drops of strong alcohol (over 90 per cent.) put into the tube on top 
of the column of fat, will cause the bubbles to disappear and give 
a sharp line between the fat and alcohol for the reading. When- 
ever alcohol is used for this purpose ,the reading should be taken 
directly after the alcoho! is added, as after it has stood for a time 
the alcohol partially unites with the fat and increases its volume. 

Whenever the fat is not quite clear, more satisfactory results 
may be obtained by allowing the bottles to stand until the fat has 
erystallized, and then warm them by placing the bottles in hot 
water, before taking the reading. 

If the column of fat is less than about one division, as will often 
happen with skim-milk and buttermilk, it may assume a globular 
form instead of a uniform layer across the tube; when this occurs 
the fat can usually be estimated with sufficient accuracy by simple 
inspection, but in such cases it is better to use specially constructed 
botties, like those illustrated in Figs. 20 and 21. 


85. Testing Cream by Babcock Test. 


Accurate results can be obtained by the Babcock test in ascer- 
taining the amount of fat in cream, but much greater care has to 
be taken in sampling cream. Cream that is sour, or that has been 
exposed to air until the surface has dried, cannot be accurately - 
sampled. The same is true of centrifugal cream that is badly 
frothed. Sweet cream, from Cooley cans, that is not too thick to 
flow readily from the pipette may be tested with satisfactory results. 
The process, however, must be modified slightly from that used 
with milk, as the amount of fat in cream is so large that it can- 
not be measured in the ordinary test bottle, if the usual quantity 
is taken for the test, besides a much greater error results from the 
creain which adheres to the pipette than with milk. Both of these 
difiiculties may be overcome by taking two or three test bottles 
and dividing the test sample between them into as nearly equal por- 


tions as can be judged by the eye. The pipette is then filled with 
39 
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water and this is run into the tubes in the same way as the cream. 
If three bottles are taken the pipette is filled with water a second 
time and emptied into the bottles as before. This serves to rinse 
the cream from the pipette, and at the same time to dilute it to a 
point where it can be tested in the same way as milk. The bottles 
are then treated in the usual manner, and the reading of the tubes 
added iogether for the per cent. of fat in the cream. The neces- 
sity of dividing the sample of cream as directed above may be 
avoided by the use of the special test bottle shown in Figs. 18 and 
19. Cream may also be tested in the ordinary bottles by diluting 
it with three times its volume of water and proceeding in exactly 
the same manner as with milk, the reading being multiplied by 
three. 

Owing to the low specific gravity of cream, the test sample, 
if of the same volume, will weigh less than that of milk, and con- 
sequently the per cent. of fat as shown by the scale will be less 
than is found by gravimetric analysis, in proportion as the weight 
is less than 18 germs. Where a delicate balance is available, this 
error may be entirely avoided by weighing the cream used in a 
test, and calculating the per cent. of fat by multiplying the scale 
reading by 18, and dividing the product by the weight in grams of 
cream taken. 

If 17.6 c. ec. of cream are taken and the portion adhering to 
the pipette is rinsed into the test bottle, a close approximation of 
the true result may be obtained without weighing by correcting 
the scale reading as follows: For a scale-reading of 20 per cent., 
add 0.25 per cent.; for a scale-reading of 15 per cent., add 0.1 per 
per cent. Readings between these may be corrected in proportion. 
Below 10 per cent. no correction is necessary. 

Cream may be tested in the ordinary bottles in the manner pro- 
posed by Mr. Winton, in Bulletin 108, of the Connecticut Experi- 
ment Station, by using a pipette having a capacity of 6.04 ¢. ¢., 
which will deliver about 6 grams of average cream or one third 
of the weight of the usual sample. When this pipette is used, 
about 12 c. c. of water should be added to the cream in the bottle 
before adding the acid. The usual amount of acid should be taken 
and the test completed in exactly the same way as with milk. The 
reading should be multiplied by three to obtain the per cent. of fat 
in the cream. No correction for the specific gravity is necessary 
when this pipette is used. 


86. Testing Skim-Milk, Buttermilk and Whey. 


With all products like the above, which usually contain less 
than one per cent. of fat, more accurate results are obtained by the 
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use of a special test bottle like that in Fig. 20 or 21. Less acid is re- 
quired for whey than milk. 

If only traces of fat appear in the neck of the bottle, the fat in 
the milk examined may be nearly 0.1 per cent. and this reading 
will be more nearly correct than estimates of from .01 to .05 per 
cent., which often appear in the agricultural papers. The reason 
for this is that minute quantities of fat are either dissolved or not 
separated by the method. The amount of fat lost in this way is 
about the same for all milks; it is compensated for when suffi- 
cient fat is present to form a complete layer across the neck of the 
bottle by reading to the point where the fat meets the glass instead 
of at the concave surface. 


87. Testing Condensed Milk. 


The estimation of fat in condensed milk is accomplished in ex- 
actly the same way as with cream. As a rule, condensed milks 
are so thick that it is impractical to measure the test sample di- 
rectly with a pipette. This difficulty may be overcome by care-, 
fully diluting the milk with a known volume of water, making 
the analysis of this and correcting the result for the quantity of 
water added. The best method is to weigh the sample into a test 
bottle, taking about 8 grams, and after adding about 10 c. c. of 
water, completing the test in the same manner as with milk, the 
per cent. of fat being obtained by multiplying the reading by 18 
and dividing the product by the weight, in grams, of the substance 
taken. The results are satisfactory. 


88. Testing Cheese. 


The examination of cheese is not as satisfactory as that of other 
dairy products. The chief reason for this is the unequal distribu- 
tien of moisture and fat in the cheese, making it very difficult to ob- 
tain representative samples. On account of this, tests made from 
different parts of the same cheese, especially if it be very rich, often 
vary as much as two or three per cent. in the amount of fat found. 
To avoid this as much as possible, samples should be taken in a uni- 
form manner. 

Where the cheese can be cut, a narrow wedge reaching from the 
edge to the center of the cheese, will more nearly represent the 
average composition of the cheese than any other sample. This 
may be chopped quite fine, with care to avoid evaporation of water, 
and the portion for analysis taken from the mixed mass. When 
the sample is taken with a cheese trier, a plug taken perpendicular 
to the surface, one-third of the distance from the edge to the center 
of the cheese should more nearly represent the average composition 
than any other. The plug should either reach entirely through 
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er only half through the cheese. For inspection purposes, the rind 
may be rejected but for investigations ,where the absolute quan- 
tity of fat in the cheese is required, the rind should be itmecluded 
in the sample. It is well, when admissible, to take two or three 
plugs on different sides of the cheese and, after splitting them 
lengthwise with a sharp knife, take portions of each for the test. 

For the estimation of fat in cheese, about 5 grams should be 
carefully weighed and transferred as completely as possible to a 
test bottle. From 12 to 15 c. c. of hot water are then added and 
the bottle shaken at interwals, keeping it warm, until the cheese 
has become softened ,and converted into a creamy emulsion. This 
may be greaily facilitated by the addition of a few drops of strong 
ammonia to the contents of the bottle. After the contents of the 
bottles have become cold the usual amount of acid should be added 
and the bottles shaken until the lamps of cheese have entirely dis- 
solved. The bottles are then placed in the machine and whirled, 
the test being completed in the same manner as with milk. To 
eébtain the per cent. of fat, the reading should be multiplied by 18 
and divided by the weight, in grams, of cheese taken. 


89. Testing Composite Samples at Creameries and Cheese Factories. 

Provide a pint or quart fruit-jar for each patron, on which shall 
be a name or number distinguishing each. In each jar place about 
as much powdered potassium bichromate as can be held in the 
empty shell of a 32-0z. cartridge cr about as much as one can 
place on a silver dime; this will keep the milk from souring. 
Provide a small tin cylinder holding one or two ounces of milk 
when filled to the brim, provided with a handle of convenient length. 
When a patron delivers his milk, pour it into the weighing can 
from a height sufficient to secure thorough mixing of the whole, 
and immediately, before weighing, insert the small tin cylinder, 
fill with milk to the brim and transfer to the fruit jar set aside 
for that patron’s milk. In case this pouring does not mix the milk 
thoroughly ,then stir the milk in the weighing can with a long- 
handled dipper. This is repeated each day for six or seven days 
with the milk of each patron. Whenever a fresh sample of milk 
is placed in the jar, it should be mixed with the milk already in 
the jar by giving the jar a rotary motion. If this is not done, the 
cream which separates is liable to adhere tenaciously to the sides 
of the jar and make it difficult to take an accurate sample when 
the test is made. Whenever an additional sample of milk is put 
into a jar, it should be immediately and tightly closed. The jars 
should be kept in a cool place during the week. If kept too warm, 
the cream becomes hard and cannot readily be mixed back into 
the milk, which will cause low results in the test. 
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The quantity of potassium bichromate suggested above should 
be enough to keep the milk sweet for a week. In case one finds 
at any time that the amount does not prevent souring, then one 
should use more. 

If milk is delivered that has firm clots of cream in it, then mix 
the sample in the weigh can with a dipper and take out a small 
portion which can be poured from one vessel to another until the 
clots disappear, after which take out a tin cylinder full and transfer 
to fruit-jar. 

At the end of a week, one has in each fruit-jar a sample of milk 
which represents the milk delivered during that week. By test- 
ing this one sample, one secures the same results he would secure 
by testing the milk every day. This kind of a sample is known as 
a “composite sample.” 


$0. Testing Acidity of Milk and Cream. 


(1.) General Principles upon Which Acid Testing is Based.—The 
method of testing acidity in milk or cream is based upon the chem- 
ical action taking place between acids and alkalies. For example, 
if to any acid we add an alkali we change the acid and alkali both 
into a third compound, each of the others disappearing as acid or 
as alkali. Thus, suppose to some lactic acid we add some solution 
of caustic soda in just the right proportion, we then have neither 
lactic acid nor caustic soda, but a new compound formed by the 
union of lactic acid and sodium. To find out when a substance 
is acid or alkaline or neutral, that is, neither acid nor alkaline, we 
use some third substance, which is called an indicator. One very 
useful substance to use as an indicator is a chemical compound 
called phenolphthalein. When this substance is added to an alka- 
line solution, it turns pink, while, in an acid or neutral solution, 
it is colorless. For use 10 grams of phenolphthalein are dissolved in 
300 c. c. of 96 per cent. alcohol, and a few drops of this are used. 
Now, what use can be made of these facts in ascertaiming the 
amount of acid in milk or cream? We will illustrate: To a measured 
amount of cream we add some phenolphthalein as indicator, and 
then to this cream add some caustic soda solution, so prepared that 
we know just how much caustic soda it contains. We add the 
caustic soda, stirring the cream after each addition, until finally 
a pink color appears and does not go away on continued stirring. 
The appearance of the pink color means that enough caustic soda 
has been added to combine with all the lactic acid in the cream. 
Now, we know just how much caustic soda was required to equal 
the acid in the cream and from this we know the amount of acid 
in the cream. For dairy work, the caustic soda is prepared in 
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such a way that a certain amount of it equals one per cent. of lactic 
acid. The two common forms of acid test are those devised by 
Mann and by Farrington. 

(2.) Mann’s Acid Test—Measure exactly 50 cubic centimeters of 
the cream or milk into a clean porcelain cup or a glass. Add a few 
drops of phenolphthalein and then let in some of the “neutralizer” 
(Mann’s name for the alkaline solution), from a burette, previously 
filled to the zero point. A pink color appears, but disappears on 
stirring. Continue to add the alkali carefully, stirring the cream 
or milk all the while. It will be noticed, sooner or later, that the 
pink color disappears more slowly after each addition of alkali. 
Finally, a point is reached when the pink color does not disappear 
even after considerable stirring. Add no more alkali. Then look at 
the burette and see how many cubic centimeters of alkali have been 
used. Suppose 30 cubic centimeters of alkali have been required 
to use up cr equal the lactic acid in the cream, then multiply 30 by 
.018 and the result is 0.54, which is the per cent. of lactic acid in 
the cream or milk used. (See Fig. 23.) 

(3.) Farrington’s Alkaline Tablet Test—In this case, the alkali 
and phenolphthalein are mixed together in the form of solid tablets. 
In using this method, one first puts five tablets into a graduated 
100 cubic centimeter cylinder and fills this up with water to the 
97 c. c. mark with clean soft water, distilled water if possible. The 
cylinder is then tightly corked and laid on its side until the tablets 
dissolve. The cylinder must be kept tightly corked, so that none 
of the solution can be lost while the tablets are dissolving. The 
solution will be good to use for twenty-four hours after being pre- 
pared. Solutions more than a day old should, therefore, not be used. 
The solid tablets will not change if kept dry. (See Fig. 24.) 

In making the test, the cream or milk to be tested is thoroughly 
mixed and then measured into a porcelain cup with a 17.6 e¢. c. 
pipette. This pipette is rinsed once with water, and the rinsings 
are added to the cream in the cup. Thena few c. c. of the tablet solu- 
tion prepared as above directed are poured from the cylinder into the 
cream and thoroughly mixed with it. The tablet solution is added 
in small quantities until the pink color in the cream or milk lasts 
for some time. Now, look at the cylinder and see how many e. ec. 
of solution have been used. One c. ¢. of tablet solution stands for 
01 per cent. of lactic acid. Thus, if 20 c. c. of solution are used, 
there is .20 per cent. of lactic acid; if 50 ¢. ec. are used, the lactic 
acid is .50 per cent. 
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91. The Use of Lactometers in Testing Milk. 


(1.) The Specific Gravity of Milk.—By the specific gravity of milk, 
we mean the weight of a given bulk of milk as compared with the 
weight of an equal bulk of water at the same temperature. For 
illustration, suppose we have a vat which, when just full of water, 
contains exactly 1,000 pounds of water. Now, if we fill such a vat 
full of milk, this amount of milk will weigh about 1,032 pounds, be- 
cause the milk contains beside the water in it several solid sub- 
stances heavier than water. Hence, we say the specific gravity of 
average milk is 1.032. Since the specific gravity of milk depends 
upon the amount of these solids in it heavier than water, then 
specific gravity will be found to vary, because we know that the 
amount of solids in milk varies considerably. So, we find some milk 
with specific gravity below 1.030, while that of other milk is above 
1.035. The casein, albumin and milk-sugar are heavier than water. 
Since milk-fat is lighter than water, the more milk-fat we have 
in milk in proportion to the other solids, the lower is its specific 
gravity. By adding cream to milk, we make its specific gravity 
less than that of normal milk; on the other hand, by removing fat 
from milk, we increase the specific gravity, because we remove what 
it lighter and leave what is heavier than water. The addition of 
water to normal milk lowers the specific gravity. Thus, it is easily 
possible by removing cream from normal milk to increase the specific 
gravity and then, by adding water in right amounts 
lower the specific gravity back to that of the normal 
milk. The addition of sugar or salt to milk increases 
its specific gravity. Since water used to be the most 
common adulterant of milk, it was thought that adul- 
teration could readily be detected by ascertaining the 
specific gravity. 

(2.) Quevenne Lactometer.—A lactometer is an in- 
strument used for measuring the specific gravity of 
milk. The Quevenne lactometer has a scale divided 
into 25 equal parts, going from 15 to 40. Each divi- 
sion is called a degree. These divisions correspond to 
those on an ordinary hydrometer, ranging from 1.015 
to 1.040. The Quevenne lactometer is graduated so as 
to give correct readings at 60 degrees F. For other 
temperatures the reading must be corrected by adding 
.1 for each degree above 60 degrees F., or by substract- 
ing .1 for each degree below 60 degrees F. So, when, ; 
this lactometer is used, the milk should be at 60 de- cece en 


grees F., or else the correction must be made. If the ‘ermometer 


Fig. 25. 
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Quevenne lactometer settles in milk at 60 degrees F. to the point 
marked 29, it means that the specific gravity is 1.029, the lowest 
limit allowed for normal milk. (See Fig. 25.) 

(3.) Board of Health Lactometer.—Many city milk inspectors in 
the eastern and middle States used the so-called New York Board 
of Health lactometer. This does not give the specific gravity of 
milk directly, as does the Quevenne lactometer, but the scale is 
divided into 120 equal parts, the mark 100 being placed at’ the 
point to which the lactometer sinks when lowered into milk having 
a specific gravity of 1.029 (at 60 degrees F.), this being taken as 
the lowest limit of specific gravity in the case of normal milk of cows. 
The zero mark on the scale shows the point to which the lactometer 
will sink in water. The distance between these two points is divided 
into 100 equal parts and the scale is continued below the mark 
to 120; 100 degrees on the Board of Health lactometer corresponds 
to 29 degrees on the Quevenne lactometer, and the zero mark for 
both is 1, the specific gravity of water; hence, we can change the 
degrees on the Board of Health lactometer into degrees of the Que- 
venne lactometer by multiplying the readings of the Board of Health 
lactometer by .29.. Tables are often given showing the equivalents. 

(4.) Value of Lactometer in Detecting Adulterated Milk.—The 
value of the lactometer in detecting adulterated milk was formerly 
greatly overestimated. Taken by itself, the lactometer is thoroughly 
unreliable and misleading. Its proper use in milk inspection is 
simply to indicate whether a sample is suspicious and ought to be 
further investigated by detailed chemical analysis. As pointed out 
above, a milk could be both skimmed and watered and yet the lac- 
tometer would show it to be entirely normal. 

(5.) Use of Lactometer in Estimating Solids of Milk.—By finding 
out the specific gravity and per cent. of fat in milk, it is possible, 
by making a few calculations, to ascertain quite closely the amount 
of total solids in milk and the solids-not-fat. Babcock has given 
useful rules for this purpose, which are as follows: 

Rule 1. To find the per cent. of solids-not-fat in milk, add two- 
tenths of the per cent. of fat to one-fourth of the lactometer reading. 

Rule 2. To find the per cent. of total solids in milk, add one and 
two-tenths times the per cent. of fat to one-fourth of the lactometer 
reading. 

These rules give good results when applied to lactometer readings 
between 26 and 36 and to milk containing 2 to 6 per cent. of fat. 

Example 1. A milk contains 4 per cent. of fat and the Quevenne 
lactometer reading is 32. What it the amount of total solids in 
the milk? 
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We multiply the amount of fat, 4, by 1.2; it equals 4.8. Then, we 
find one-fourth of the lactometer reading (32), which equals 8. Then 
we add 4.8 and 8 and get the result, 12-8, as the amount of total 
solids in milk. 


CHAPTER XII. 


SPECIAL DAIRY PRODUCTS. 


In America most of our milk is consumed in one of the following 
forms: (1) Directly as milk, (2) as cream, (3) in the form of butter, 
and (4) in the form of cheese. To some extent, there are, in addi- 
tion, special products prepared from milk for a more or less limited 
market. Some of these special products are finding an increasing 
importance in trade and others promise to become additional sources 
for the increased use of consumers in those special forms. In some 
of these special dairy products, it is easily possible for an enterpris- 
ing dairyman to create a local trade. 


92. Special Milk Preparations. 


(1.) Blended Milk is modified normal milk, made from normal milk, 
(a) by adding cream or (b) by removing a limited amount of fat, 
or (c) by adding a limited amount of fresh skim-milk, or (d) by adding 
cream and skim-milk at the same time. It is a violation of the 
statutes of many States to sell blended milk as normal milk, except 
when cream has been added to normal milk. Blended milk, how- 
ever prepared, is really a special preparation and should always 
be sold, not as normal milk, but as a special preparation with a 
guarantee as to its composition. The most common form of legiti- 
mate blended milk is the addition of cream to normal milk to such 
an extent as to bring the fat in the milk up to five per cent. The 
advantage of such milk is its uniformity in composition. It is 
usually supplied to a limited trade at higher prices than prevail 
for normal milk. Generally ,such milk is also prepared under every 
precaution of cleanliness from the stable to the delivery to the con- 
Sumer. When thus prepared, it is often called “sanitary” milk, 
and each bottle is labeled with a guarantee of purity. 

(2.) Modified Milk is milk so prepared as to make it resemble 
human milk in composition as nearly as possible. Such preparations 
are made in milk laboratories and their consumption is largely con- 
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fined to cities and hospitals. Such milk should be used only by 
the prescription of a physician. In general, cows’ milk contained 
more fat and sugar, and less casein, albumin and ash than human 
milk. The following description serves to give an idea of how such 
preparations are made. The milk is cooled at once after milking, 
its amount of fat determined, and it is then diluted with an equal 
bulk of boiled water. This mixture is then run through a separator. 
By this process the liquid coming from the cream spout can be made 
to give a product higher in fat in relation to casein and albumin than 
in the normal cows’ milk and closely approximating their amounts 
in human milk. To 100 pounds of this product are added about 
two pounds of milk-sugar. 

(8.) Condensed Milk is usually prepared by evaporating water from 
normal milk in vacuum pans to a pasty consistency. Uusually, 
more or less cane sugar is added to it and, when so treated, it is 
often called “conserved” milk. Only milk that has been carefully 
produced in respect to cleanliness is used for condensing. The fol- 
lowing analyses give the composition of some condensed milks: 


Per cent. of casein and 
albumin. 


Per cent. of water. 
Per cent. of sugar. 
Per cent. of ash 


Per cent. of solids. 
Per cent. of fat. 


Condensed milk without added sugar,................ 
Condensed milk with added sugar, .............5+..6. 


Condensed milk is used only where fresh milk cannot be obtained, 
or where fresh milk is unsatisfactory in quality, and its use is, 
therefore, somewhat limited, but it furnishes an added outlet for the 
milk producer. 


93. Special Varieties of Cheese. 


There are made in America and Europe more than 150 different 
kinds of cheese. In this country most of the cheese made is the 
cheddar variety, but there are prepared, to a limited extent, several 
other kinds, some of which are successful imitations of foreign varie- 
ties of the same name. American home-trade cheese is usually made 
by the “stirred curd” or “granular” process and resembles cheddar 
cheese in general qualities, except that it is made to hold somewhat 
more moisture. Sage cheese is ordinary cheddar cheese containing 
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an extract of sage leaves, imparting a characteristic flavor and light 
greenish color. Pineapple cheese is a firm, solid cheese, pressed 
into a shape resembling a pineapple. American Neufchatel cheese 
is a soft cheese, with a rather high water content, made from sweet 
normal milk; it must be consumed at once within two to four weeks 
after being made. It comes into market in small round forms, covered 
with paper and then tinfoil. Philadelphia cream cheese is a soft, 
moist cheese, somewhat resembling Neufchatel, but is made from 
cream and put on the market in thin, flat cakes, wrapped in parch- 
ment paper. There are also made in America, Edam, Limburger, 
Swiss, Brie, Camenbert, Gouda and other varieties. Primost or whey 
cheese is practically condensed whey, containing added cream, and 
pressed in the form of brick-shaped cakes. Cheese-Food is a form 
of cheese that contains all the solid constituents of milk. It is 
made in Wisconsin. In preparing it, an ordinary cheddar cheese 
is first made and cured; to about 100 pounds of this is added whey, 
evaporated to a syrupy consistency, from about 1,000 pounds of 
fresh whey. The mixture of cheese and evaporated whey is ground 
to a pasty consistency and pressed into cakes of convenient size. 
This cheese-food has good keeping quality and is very palatable, 
being mildly cheese-like in flavor and sweetish in taste. There are 
two other preparations to which more precise attention is called, 
because they offer to small factories and farm dairies an oppor- 
tunity for working up local trade. These are cottage cheese and 
potted cheese, or club cheese. 

(1.) Cottage Cheese is known under several names, such as Dutch 
cheese, pot-cheese, schmierkise, etc. Much of what comes into 
market is poorly made; properly made, cottage cheese is a delici- 
ous and nutritious article of diet, which can be readily eaten by 
many people who are unable to digest other cheese. Cottage cheese 
is usually made from skim-milk or buttermilk. The milk is allowed 
to sour, this process being hastened, if desired, by keeping the milk 
at a temperature of 80 degrees F. until well coagulated. If allowed 
to stand too long, the curd is likely to become soft and mushy in 
consistency and too sour in flavor, resulting in an unsatisfactory 
product. When well coagulated, the temperature is gradually raised 
and the coagulated mass is stirred, thus breaking the curd into 
small pieces, from which moisture is more readily expelled. The 
temperature is gradually raised to 120 degrees F. and the stirring 
is continued. When the curd is sufficiently firm, it is allowed to 
settle. Then the whey is removed and the curd dipped into a 
cloth strainer that can be suspended, and the excess of whey is al- 
lowed to drain from the curd, the process being facilitated by oc- 
casional stirring. After becoming sufficiently dry, the curd is salted 
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to taste, and, if a desirable article is to be made, it should have 
mixed into it a little cream or melted butter. It can be put up in 
various forms for the market, the chief requirement being that it 
shall have an attractive appearance. 

A cottage cheese of less acid character can be made by taking 
milk that°is only mildly sour and using a little rennet extract to 
hasten the coagulation. In this case the temperature used in ex- 
pelling the whey need not be so high. 

(2.) Potted Cheese, or Club Cheese.—This is on the market under 
various brand names, such as Club House, Canadian Club, Meadow 
Sweet, etc., being put up in small jars. This cheese is very easily 
prepared on a small scale. Take a piece of any good well-ripened 
cheese, pare off the rind, cut the cheese into small chunks and pass 
them through a meat-grinding machine. To the cheese thus ground, 
one adds one ounce of melted butter of good quality for each pound 
of cheese and works it through the cheese until thoroughly incorpor- 
ated. Then take small jars or jelly glasses, cover the inside with 
a layer of melted butter and pack into them the cheese, filling nearly 
level full. Then cover the exposed surface with melted butter and 
put over this a cover of paper. Set away in a cool place until 
wanted for use. The writer knows of cases where smal! dairy farms 
make cheese and put the product on to the local market in this form 
with great success. Any housekeeper can easily put up cheese in 
this way. Cheese put up in this way has, for the consumer, several 
advantages, since it does not dry out before being used up, is in con- 
venient form to set directly on the table, is exceedingly palatable 
and is soft enough to be spread on bread or crackers, if desired. 


94. Special Dairy Beverages. 


The value of whole-milk, of skim-milk and of buttermilk as bev- 
erages has been long well known, supplying, as they do, readily 
digestible nutrition and quenching thirst, at the same time. There 
is one preparation of milk which deserves more attention as a com- 
mon beverage that it has received, and that is koumiss, prepared 
from cows’ milk. Its use is now largely confined to invalids, but 
it is a most desirable beverage for well people. In no form of prepa- 
ration does milk seem so easily digestible, even in weak stomachs, 
as in the form of koumiss. People can drink /owim7ss, who can not 
use ordinary milk. It can be easily prepared in any household and 
any dairyman could work up a good local trade in it, after once 
getting astart. Many people do not like koumiss at first, but readily 
acquire a taste for it and become exceedingly fond of it. A good 
article of koumiss can be prepared, on a small scale, as follows: 
To three quarts of fresh milk, add three level tablespoonfuls of 
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ordinary granulated sugar and one fresh compressed yeast cake 
(Fleischmann’s), or an equivalent of any other form of yeast. Stir 
it thoroughly and warm the milk up to 100 degrees F. to 105 degrees 
F., and keep it at that temperature, stirring from time to time, until 
the yeast begins to work, which is shown by little bubbies of gas 
escaping from the surface of the milk. This may require from three 
to five hours, according to the activity of the yeast. When the yeast 
is working well, pour the milk into pint beer bottles or some similar 
bottle that will stand pressure and has a convenient arrangement 
for corking. Fill the botties only two-thirds full. Then put in 
stoppers and place the bottles in a warm place at 90 degrees F. to 
100 degrees F. for half an hour. Then place at once in a cold refrig- 
erator or directly on ice, laying the bottles Gown on their sides. In 
twenty-four hours, the koumiss is ready to begin to use. If one have 
good yeast and keeps the temperature at 100 degrees F., there should 
be no trouble in making excellent koumiss. Koumiss a week old 
is usually too acid for the taste of some people. I opening a bottle 
-of koumiss after it is one or two days old, it is well to perform the 
operation in the kitchen rather than in the dining room, since there is 
usually such a pressure of accumulated gas in the milk that it 
may come out with a rush, especially if the contents of the bottle 
have been shaken just before opening. Milk from which half the 
fat has been removed or fresh separator skim-milk makes good 
kounmiss. 
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COCOA AND CHOCOLATE. 


By PROF. C. B. COCHRAN, West Chester, Pa. 


INTRODUCTORY. 


The amount of cocoa beans annually imported into the United 
States, and the amount of cocoa and chocolate manufactured and con- 
sumed in this country is increasing at a remarkably rapid rate. 
The same statement is true in regard to England, Germany and 
France. For example, the quantity of cocoa beans imported into 
Germany in 1898 was three and one-third times as great as that im- 
ported in 1886. In England, the consumption of cocoa has increased 
four-fold during the last twenty years. While I have not exact 
data for our own country, covering the same period, yet such sta- 
tistics as I have been able to obtain show that the increase in the 
consumption of the products of the cocoa bean in the United States 
has kept pace with that shown in case of Germany and England. 

‘As the cocoa industry has increased, so also has competition be- 
tween manufacturers increased. This competition has led to a 
rather extensive adulteration of cocoa. 

The literature pertaining to the manufacture and adulteration of 
cocoa preparations is quite extensive, consequently to give a review 
of the subject with any attempt at completeness would make an ob- 
jectionably voluminous report. Believing that I have had fairly 
good opportunities for studying conditions as they now exist, par- 
ticularly in our own State I have confined myself chiefly to the re- 
sults of my own observations. 


(1) WHY OUR FOREFATHERS HAD NO PURE FOOD LAWS. 


Less than half a century ago almost the entire population of this 
country lived upon food that was home-grown and home-prepared. 
With the exception of a few articles requiring a different climate 
than our own for their production, such as coffee, tea, sugar, spices, 
etc., regarded rather as luxuries than necessities, the inhabitants of 
the country lived exclusively upon food of their own producing, 
while the dwellers of the city were supplied with the products of the 
neighboring farms. Provisions of all kinds were supplied in an un- 
prepared condition and their preservation or preparation for the 
table was accomplished at the home. Nearly every one was per- 
sonally acquainted with the various manufacturing operations nec- 
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essary, not only for the proper preservation of the products of the 
larm, but ulso for the converting of these products into a variety of 
articles of food ready for use. Even the products of foreign lands 
were prepared for use at the home. For example, spices were 
home-ground and coffees home-roasted. With the advance of civiliza- 
tion and the specialization of industries the preparation. of our foods 
has gradually passed out of the home and imto the hands of manu- 
facturers. While this change has brought with it many comforts, 
and has rendered home life less burdensome and more enjoyable, it 
has also robbed us of that sense of security in the purity and cleanli- 
ness of our foods which was so greatly appreciated and highly prized 
by our grand parents. Because of our lack of knowledge of former 
methods and standards of excellence, as well as the various pro- 
cesses now employed by manufacturers, we are no longer capable of 
judging whether an article of food is pure or adulterated. 


(2) WHY WE HAVE PURE FOOD LAWS. 


Manufacturers of articles of food pursue their vocation for profit 
and are guided solely by business principles. Under the strong com- 
petition which now exists the problem that especially concerns them 
is to produce an article acceptable to the public at as little cost as 
possible, and to the solution of this problem they devote their ener- 
gies. The greater the demand for the products of their factories and 
the cheaper the cost of production, the greater are their profits. 
Whether the article is pure or whether it is what the name implies 
is oftentimes a matter of little or no consequence provided it is sale- 
able and acceptable to purchasers. Consequently oleomargarine is 
found in the market as butter, a mixture of cottonseed oil and tallow 
as lard; glucose syrup is made to take the name of honey, cotton- 
seed oil is called olive oil, and milk thickened with glue passes for 
cream. Similar adulterations or substitutions might be named in a 
Jarge variety of food products. All gradations of mixing, adulterat- 
ing and beautifying are practised by manufacturers until in many 
cases the finished article bears no resemblance to the old fashioned 
home product of days gone by. To make an article saleable and to 
make it at little cost are the keynotes to success. 

The above statement must not, however, be taken as universally 
true. Most reputable manufacturers cater to the best class of trade 
and put upon the market articles of a high standard of purity and 
excellence. But these same manufacturers under assumed names 
send out from their factories inferior articles of varying degrees of 
impurity to meet the varying demands of competition that exists in 
all classes of trade. 

The various preparations of cocoa have in the past offered a rich 
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field for adulteration, and with the constantly increasing consump- 
tion of cocoa and chocolates the opportunity for profit through the 
adulteration of these articles increases with equal pace. 


(3) DESCRIPTION OF THE CHOCOLATE PLANT AND ITS FRUIT. 


Cocoa, chocolate and cocoa butter are prepared from the seeds 
of Theobromacacas, a very small tree belonging to the botanical 
order Sterculiaceal and native to the tropical regions of the Western 
Hemisphere. A striking peculiarity cf the plumb is to be seen in 
the fact that the flowers and fruit, which it produces at all seasons 
of the year grow from the trunk and thickest parts of the branches, 
instead of developing from the youngest shoots. The flowers, which 
grow in clusters and are very small, have a corolla of five yellow 
petals and a rose colored calyx. The fruit is a five-celled pod 
from seven to nine inches, or more, in length and from three to 
four inches in diameter, nearly oval in outline, but somewhat pointed 
at the end opposite the stem. 

As cocoa pods are not articles of commerce they are rather diffi- 
cult to obtain. Through the kindness of the firm of Craft and Allen, 
chocolate manufacturers of Philadelphia, | succeeded in obtaining 
a number of very perfect pods from the island of Trinidad. 

Two of these pods are illustrated in Fig. 1. The larger of these 
two pods is seven and three-fourths inches in length, three and one- 
half inches thick and eleven inches in circumference. The distance 
around the pod lengthwise is eighteen inches As will be observed 
from the photograph the surface of the pods is rather rough and pro- 
vided with ten distinct grooves. These grooves represent the posi- 
tions of the midribs and the edges of the five carpels or pistil leaves 
which by their union have formed the seed vessel. 

In each of the five cells composing the pod is born a row of about 
ten seeds. As the fruit develops the cell walls become more or less 
obliterated so that on opening a ripened pod only a single cavity is 
seen containing five rows of seeds arranged about a central axis. 
This is illustrated by Fig. 2. At one end of the pod two of the seeds 
have been removed in order to show the central axis to which the 
seeds are attached. The pod illustrated by this photograph is five 
and one-half inches long and three and one-fourth inches thick and 
contained in all forty-eight seeds. The walls of the pod are from 
one-half to five-eighths of an inch thick and are composed of two dis- 
tinct layers an outer firm horny layer of a yellowish brown hue about 
three-eighths of an inch thick and an inner somewhat softer and 
lighter colored layer about one-eighth of an inch thick. 

Fig. 3 shows a cross section of a pod diminished to actual size. 
This photograph shows very clearly the two layers of which the walls 
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of the seed vessel are composed. It also shows each seed attached to 
the central axis by a long funiculum or stalklet. As these seeds 
or beans, as they are usually called, form the only commercial pro- 
duct of the cocoa plant, they merit a somewhat extended descrip- 
tion. The white appearance of the seeds as seen in the pod is due 
to a thick closely adhering cover of whitish mucilaginous pulp. 
When this pulp is removed the seeds are found to be nearly oval in 
outline and of a reddish brown color. They vary considerably in 
diameter, but are usually from three-fourths to one inch in length, 
from one-half to five-eighths of an inch wide and from one-fourth to 
three-eighths of an inch in thickness. 

Fig. 4 shows the two surfaces exposed by a section through the 
middle of a cocoa bean, so cut as to show the relation between the 
length and the thickness of the bean, while the section in Fig. 5 
shows the relative length and width of the seed. As can be seen 
from Fig. 4, the cocoa seed is composed entirely of seed coats and 
embryo. The two fleshy, much folded cotyledons or seed leaves 
attached to the little radicle or stem are very clearly shown in the 
photograph. The cultivation of the cocoa plant and the preparation 
of the seeds for the market form an exceedingly important and a 
rapidly growing industry in those parts of the tropics that are 
adapted to this purpose. 

The harvesting and preparing the cocoa beans for market involves 
the following processes: Ist, the cutting and gathering of the pods; 
2d, opening and removing the beans; 3d, fermenting or sweating the 
beans; 4th, cleaning and drying. 

The taste of the bean is modified by the process of fermentation, 
cousequently their quality and value depend largely upon the care 
and skill with which this operation is conducted. 


(4) THE COCOA BEAN AND ITS PRIMARY PRODUCTS, COCOA HUSKS 
AND COCOA NIBS. 


To prepare the beans for the manufacture of cocoa and chocolate, 
they are first roasted and then as far as possible the cotyledons or 
seed leaves are separated from the seed coats and radicles, the 
former constituting the usable portion, the latter, waste. The total 
loss due to roasting and waste, amounts to about 20 per cent. of the 
original weight of the beans. In the roasted bean, the little radicle 
becomes very hard and is consequently difficult to grind. In the 
manufacture of cocoa and chocolate, it is important that the seeds 
be ground to the very finest powder possible. As it is not an easy 
task to grind the radicles to this fine condition their presence is ob- 
jectionable. After the beans are roasted, by which process their 
flavor is developed, they are crushed into rather coarse fragments 
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and then by a process of winnowing the seed coats and radicles are 
removed. These cleaned fragments or broken cotyledons are known 
as cocoa nibs and from them both cocoa and chocolate are prepared. 
The seed coats of the dried and reasted beans are about one-six- 
tieth to one-seventieth of an inch thick, are paler in color and much 
firmer in structure than the bean. They are known in commerce as 
cocoa shells or cocoa husks. (From them is sometimes made a drink 
which has some resemblance in taste and aroma to chocolate.) 
Analyses of the roasted husks made by various chemists indicate 
the followimg average composition. 
Per Cent. 


MOISTIEG 3x05. ta ra eho Ree te oe eee as ee 11.00 
Bats. .Aoes), Sh te Aa ole eee ee ae 4.00 
rn dle Terr Msi thea. koe Sete ass Aaa meee 15.00 
BAAS th Bei 2) Ps ayaa atte is teas Co tel ar sare ae 6.00 
PREG DrOMIMET s,.5-5< snore ee tyre a lee eaten 50 
EPEOMCTOS GS Miya e co cctee ae, Shep EUs Ae REN ot OE oe 13.00 
Other non-nitrogenous substances, ..... ce 50.50 


While cocoa nibs taken from different sources show considerable 
variation, the following figures represent a fair average composition. 


Per cent. 


IMGIS CURE Fi 5 a eaceileae ons ets bday take atel ometnee seo? 5.90 
PRS see cal en Segoe ey ood tented ee cent dace 3.50 
Crugesnbens acc Mel. ee PL Ree eRe 3.25 
Bate. ee. ssh ite noe ete tocas opal aye six omer phatroe, Wit Sra erseN 50.00 
PTOUCIGS GC My sew Aens oe beatae: aS PE ea 14.00 
SOE AINGH (weer sts, cus ciein Rc ook ele cin tele eet Aten see, ‘ 8.00 
(Pheo bromine: «hae Oe ce, ee eee ee 1.50 


Other non-nitrogenous substances, ......... 14.25 


(5) CHOCOLATE AND ITS ADULTERATION. 


Chocolate or plain chocolate as it is sometimes called, consists 
of the cocoa nibs ground to a paste and moulded into cakes. In case 
of sweet chocolate, sugar and frequently flavoring matters also are 
added. The usual methods of adulterating chocolate consist (1) in 
the addition of some starchy material such as corn starch, wheat 
flour, rye flour, ground rice; (2) the addition of cocoa husks or in- 
sufficient removal of the same; (3) the removal of a part of the fat 
and the substitution of other fatty material in its place. 

In order to detect the usual adulterants of chocolate and to obtain 
a basis for estimating the amount of adulteration, the sample should 
be examined both microscopically and chemically. Samples of 
chocolate should be deprived of fat by extraction with low boiling 
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point gasoline or ether in order to remove the fat before subjecting 
them to microscopic examination. The presence of foreign starch 
is then very easy of detection, particularly, if the examination is 
made both with and without polarized light. 

As is shown by the figures previously stated, there is only a very 
small percentage of starch found in the cocoa bean, and this cocoa 
starch is composed of very minute granules which could not be mis- 
taken for the starches found in the common adulterants of chocolate. 

The following table shows some of the characteristics of the 
starches which are of most importance in connection with this 
topic. The figures given under the column headed diameter repre- 
sent average measurements of the larger granules. 
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The starches which I have most commonly met in adulterated 
chocolates are those of Indian corn and wheat or rye. As all of 
these starches differ greatly in size and manner of polarization from 
the starch belonging to the cocoa bean, the detection of the adultera- 
tion is an easy matter. The percentage of starch found by chemical 
analysis in husked and roasted cocoa beans averages about eight per 
cent. 

As would be expected from the definition previously given of choco- 
late, we find the same percentage of starch in pure chocolate as in 
the husked and roasted beans. Consequently if a chocolate is found 
by microscopic examination to contain added starch and the amount 
of starch in the sample be then estimated, all the starch found above 
eight per cent. may reasonably be regarded as due to adulteration. 
The substances used for adulteration in many cases, however, are not 
pure starch. For example, if wheat starch is found in a sample of 
chocolate, the substance used to adulterate the chocolate is prob- 
ably wheat flour. If the starch of wheat flour is estimated by the 
hydrochloric acid process, the yield is found to be about seventy per 
cent. Consequently if the excess of starch found in a sample of 
chocolate adulterated with wheat flour is found to be ten per cent., 
this number would represent only seventy per cent. of the actual 
adulteration, or the amount of wheat flour would be between fourteen 
and fifteen per cent. 

In order to detect cocoa husks in cholocate, the sample is best pre- 
pared for microscopic examination as follows: Boil a portion of the 
sample from which the fat has been previously extracted in dilute 
hydrochloric acid (about one and one-fourth of acid) for ten minutes, 
allow the powder to settle, decant off the liquid, wash several times 
by decantation, then boil for about five minutes in one and one-fourth 
per cent. caustic soda solution. After cooling, filter and wash. The 
residue is then bleached by chlorinated soda and again washed. By 
this treatment the dark colored and opaque tissue of the cocoa husks 
are rendered so nearly colorless and transparent that their micro- 
scopic anatomy is very easily seen. 

If a piece of cocoa husk be soaked in water, three coats or layers 
become plainly visible to the unaided eye. An outer and an inner 
coat, each composed of rather firm opaque tissues separated by a 
rather thick nearly colorless mucilagenous substance forming the 
middle layer. Ramifying through the inner coat which is quite thick 
and dense are numerous fibro-vascular bundles which can be seen 
by the unaided eye as fine parallel ribs apparently running from end 
to end of the husk. When examined by the microscope this inner 
coat is found to be quite complex and to contain several layers of 
cells. One of these layers is composed of oblong, thick walled cells 
which form a distinguishing microscopic characteristic of the cocoa 
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husk. These cells are from one-one thousand to one-fifteen hun- 
dredths of an inch in length and about one-two thousand five hun- 
dredths of an inch in width. 

If a sample of ground cocoa husks be prepared for microscopic ex- 
amination as previously described these. thick walled cells and the 
fibro-vascular bundles composed chiefly of small spiral vessels form 
very prominent and abundant objects in the field of the microscope. 

If microscopic examination of a sample of chocolate leads one to 
suspect the presence of an undue proportion of cocoa husks, and no 
other adulteration is detected, the amount of husk present can be 
calculated by determining the percentage of crude fiber in the 
sample. Samples of cocoa husks analyzed in my laboratory have 
yielded an average of fifteen per cent. of crude fiber. 

Following the method of analysis adopted by the Association of 
Official Agricultural Chemists of the United States, samples of 
roasted cocoa beans husked and ground in the laboratory have yield- 
ed about 3.25 per cent. of crude fiber. (Similar figures for crude fiber 
have been obtained in many samples of chocolate. 

If chocolate is made from cocoa ribs properly freed from husk, 
the per cent. of crude fiber will not vary much from 3.25 per cent. and 
I think this figure can safely be taken as a basis on which to calculate 
the amount of husk which is to be regarded as an adulterant. To il- 
lustrate, suppose a sample of chocolate yields on analysis six per 
cent. of crude fiber and microscopic examination shows no foreign 
matter other than cocoa husks. In this case the excess of husk in 
the sample is the amount required to raise the percentage of crude 
fiber from three and one-fourth per cent. to six per cent. 

To produce a chocolate containing six per cent. of crude fiber 
would require the admixture of thirty-six pounds of pure cocoa ribs 
(three and one-fourth per cent. crude fiber) and eleven pounds of 
cocoa husks (fifteen per cent. crude fiber). Such a chocolate might, 
therefore, be reported as adulterated with twenty-three per cent. of 
cocoa husks. 


(6) THE FAT OF THE COCOA BEAN. 


Cocoa butter is obtained as a by-product in the manufacture of the 
so called breakfast cocoa. On account of the large amount of fat 
entering into their composition, roasted and husked cocoa beans, 
when ground at a comparatively warm temperature yield a thick 
chocolate colored liquid. This liquid consists of the melted cocoa 
fat in which are suspended the finely divided tissues and other pro- 
ducts of the cocoa bean. When this liquid is poured into moulds 
and cooled, the product is chocolate. In order to obtain cocoa but- 
ter, the liquid is placed in canvas bags and subjected to pressure. 


No. 6. DEPARTMENT OF AGRICULTURE. 671 


The oil that filters through the canvas forms cocoa butter. From 
the residue left in the bags breakfast cocoa is prepared which will 
be described hereafter. 

Cocoa butter is an interesting and somewhat unique fat, both in 
its physical and chemical properties. It is, when fresh, slightly yel- 
lowish in color and possessed of the agreeable odor and taste of choc- 
olate. At ordinary temperature it is quite hard and brittle, but 
readily melts in the mouth or when rubbed between the fingers. The 
readiness with which it changes from a hard brittle mass to a liquid 
oil is one of its peculiarities and distinguishes it from many other 
fats. On account of the comparatively high price which cocoa 
butter commands, it is not only itself subject to adulteration, but 
other fats are also sometimes substituted in part for it in chocolate 
and chocolate candies. 

The adulterants of cocoa butter commonly mentioned in the text 
books are beef or mutton tallow, paraffin wax, beeswax, stearic acid, 
copraol (a fat prepared from palm nut oil) peanut oil, almond oil, 
sesame oil, cocoanut oil and lard. 

The following table gives the most important characteristics of 
pure cocoa butter, and of such fats and oils as may be of interest 
in this connection. The figures given therein are copied from Lew- 
kowitsch and other authorities except those marked by a star which 
are given from determinations made by myself or my assistant Mr. 
C. S. Brinton: 
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(7) SOME PREPARATIONS MADE ESPECIALLY TO SERVE AS SUBSTI- 
TUTES FOR COCOA FAT. 

In addition to the fats and oils commonly mentioned as adulterants 
of cocoa butter, [ have met several fatty substances especially pre- 
pared to be used as partial substitutes for cocoa butter in chocolates 
and chocolate candies, or possibly also to be used as adulterants of 
the pure cocoa butter. 

The names given to these substances and the uses for which they 
were intended as stated on the packages delivered to me are as fol- 
lows: 

1. “Oxaline. These goods are to be used in chocolate and choco- 
late candy together with cocoa shells. Selling price twelve cents per 
pound in ten pound tubs, eight cents per pound in bulk.” 

2. “Alberine or Sheba Butter. These goods are used in chocolate 
candy. Cost ten cents per pound in thirty pound tubs, seven cents 
per pound in bulk.” 

3. “Caramel Butter. Said to be used in chocolate caramels and 
chocolate with cocoa shells. Paid twelve cents per pound for ten 
pound tub. Cost eight cents in bulk.” 

4. “Chocola. These goods are used in chocolate and chocolate 
candy with cocoa shells. Paid thirteen cents per pound for ten 
pound tub. Cost ten cents per pound in bulk.” 

5. “Butter Oil, used as an adulterant in chocolate and chocolate 
confections.” 

6. “Cocoanut Oil, used as an adulterant in chocolate and chocolate 
confections.” 

The results of the analysis of the fat of these products and of a 
sample of pure cocoa fat extracted from roasted cocoa beans in the 
laboratory are given in the following table: 
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An inspection of Table No. 1 shows that the presence of either 
cocoanut oil or palmnut oil in cocoa fat would be indicated on 
analysis by the following results: (1) A lowering of the index of re- 
fraction and consequently a lower reading of the butyro-refracto- 
meter both in case of the fat and of the mixed fatty acids. (2) A 
lowering of the melting point of the fat, and also of the mixed fatty 
acids. (38) A marked diminution in the iodine number. 

The presence of any of the other vegetable oils or fats mentioned 
in Table I would raise the index to refraction of the fat and of the 
mixed fatty acids, lower the melting point of the fat and of the 
fat acids and increase the iodine number. 

The results of the analyses of oxaline, alberine, chocola and 
caramel butter given in Table IL indicate that these fats are of 
animal origin and judging from the appearance of the crystals ob- 
tained from solution in ether I am led to conclude that the most im- 
portant constituent of each is beef fat. The lower index of refrac- 
tion, the higher meiting point, and lower iodine number of chocola 
indicates that this fat contains a rather larger proportion of stearin 
than is found in the other samples. The adulteration of chocolate 
or cocoa butter with any one of these fats would be detected: Ist, 
by the elevation of the melting point; 2d, by the high temperature 
at which a deposit is obtained in Filsinger’s test, and 3d, by the 
microscopic appearance of the crystals obtained when the deposit 
formed in Filsinger’s test is allowed to crystallize from solution in 
ether. 

The following table illustrates the effect of the addition of either 
oxaline, alberine, or chocola to cocoa butter so far as the above men- 
tioned tests are concerned. 


TABLE III. 
| 
| | 
Melting | Filsinger’s Test. | Crystals Obtained from 
Point. | Solution in Ether. 
Couva fat extracted in| 33 Deg.C., | No deposit at 8 Deg. C., ..| Very difficult to obtain; 
laboratory. shows very little tend- 
|} eney to erystallize at 
| | ordinary ¢temperature; 
| | erystals very small. 
50 per cent. cocoa fat; | 42 Deg.C., | Considerable deposit at 25 Crystals resembling those 
50 per cent. oxaline. | Deg. C., nearly filling obtained from beef fat. 
| liquid at 8 Deg. C. : 
50 per cent. cocoa fat;| 44.5 Deg.C., | Considerable deposit at 25 Crystals in large nos. 
50 per cent. alberine. | Deg. C., nearly filling | 
liquid at 8 Deg. C. . 
50 per cent. cocoa fat;| 45.5 Deg.C., | Considerable deposit at 25 | Crystals resembling beef 
60 per cent. chocola. Deg. C., nearly filling fat. 
| liquid at 8 Deg. C. | 
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Filsingers’s test is made as follows: Two grams of the fat are 
placed in a graduated test tube and dissolved in 6 ¢. c. of a solution 
containing four volumes of ether (sp. gr. 0.725) and two volumes of 
alcohol (sp. gr. 0.810), the tube is then tightly corked and the con- 
tents allowed to cool gradually. The temperature at which a de- 
posit occurs is noted, also the amount of deposit as the temperature 
is lowered. In case of pure cocoa fat it is said that Filsinger’s test 
gives a solution which remains clear even on cooling to O° C. My 
own observations, however, lead me to conclude that this statement is 
incorrect. Filsinger’s test on lowering the temperature to O° C. has 
in my hands on several occasions yielded a decided deposit from 
cocoa fat of known purity. Furthermore, many samples of cocoa 
butter from different manufacturers and the fat from many brands 
of chocolate have given heavy deposits at O° C. by the above named 
test, although no further evidence of adulteration could be detected. 

This fact, however, does not detract from the value of Filsinger’s 
test as it is not necessary to adopt so severe a standard as O° C. It 
will be observed in Table III that all the adulterated samples of 
cocoa fat showed a decided deposit at 25° C. and at 8° C. the deposit 
almost filled the liquid. In any case when Filsinger’s test is of value 
I believe a decided deposit will appear at or above 10° C., and so 
far as [ have been able to observe, pure cocoa fat does not give a de- 
posit at so high a temperature as this. 

Additional evidence as to the character of the fat deposited by 
Filsinger’s test can be obtained by proceeding as follows: Remove 
the supernatent liquid and dissolve the deposited fat in a small 
quantity of ether. Plug the mouth of the test tube with cotton wool 
and set aside until the ether has partially evaporated. In case beef 
fat or lard be present, a crystalline deposit will be formed which, 
if mounted in cottonseed oil and examined by the microscope, will 
show the characteristic appearance of the crystals of the one or the 
other of these fats. If however the sample be pure cocoa fat, there 
will be no crystalline deposit formed at ordinary temperatures (65° 
to 80° F.) until the ether has entirely evaporated. In fact, judging 
from my own observations, I am inclined to believe that cocoa fat 
does not crystallize at all from solution im ether at.ordinary tem- 
peratures. The crystals which finally appear are probably due to 
Segregation taking place in the liquid fat remaining after the 
evaporation of the ether. 

The following table gives the results of the examination of the 
fat of a few samples of chocolate. The abnormal figures indicated 
in this table led me to regard the samples as adulterated, probably 
with a product of cocoanut or palmnut oil. Although such determi- 
nations as indicated in this table have been made upon many samples 
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of chocolate in nearly every case except those here given, the figures 
obtained have been within the limits of those usually quoted for 
pure cocoa fat. 
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Some samples of chocolate confections known to be adulterated 
gave, upon examination, the following results: 


TABLE V. 
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In case of samples No. 2 and No. 3 the above results show very 
little evidence of adulteration. Filsinger’s test also failed to furnish 
evidence of adulteration. 


(8) GLAZING CHOCOLATE, 


Much of the chocolate found upon our markets has been varnished 
or glazed. This process of varnishing gives a smooth glistening 
surface, and adds considerably to the beauty of the finished cakes. 
Two preparations used for glazing chocolate have come under my 
observation. The first was sold under the name of varnishine for 
glazing chocolate. Price $2.50 per gallon. The directions state 
that it is to be reduced with ninety-five per cent. alcohol and the 
chocolate cakes then dipped in this solution, or the solution painted 
on the chocolate with a brush. 
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On examination, varnishine was found to be an alcoholic solution 
of shellac. The second sample was sold under the name of gum 
benzoin shellac, at eighty-one cents per quart. It was found to be 
composed of gum benzoin and shellac dissolved in a mixture of com- 
mon alcohol and wocd alcohol. 2 

In making cheap chocolate confections, the desired chocolate color 
is sometimes produced by the use of suitable coal tar colors. 

A sample of Koko Brown said to be used for coloring chocolate 
confections, and accompanied by directions for using it, was found 
to be a deep brown or almost black fatty substance which, on melting, 
proved to be supersaturated with a coal tar color, An examination 
of the coloring material gave reactions indicating Soudan Brown. 
The melting point of the fat was 514° C. The saponification equiva 
lent and melting point led me to the conclusion that the fatty matter 
of the sample was probably stearin. 


(9) COCOA. 

Cocoa also frequently called breakfast cocoa, cocoa extract, cocoa 
powder, is prepared from the husked and roasted cocoa beans by a 
method which perhaps differs somewhat in detail in different fac- 
tories, but may be outlined as follows: 

Ist. Cocoa ribs are ground to a thin paste known as cocoa liquor. 
2d, This cocoa liquor is subjected to a very great pressure in canvas 
bags made especially for the purpose. By this operation a portion 
of the fat is removed, and the residue remaining in each bag assumes 
the form of a compact cake. The third and last operation consists 
in grinding these cakes to a fine powder which is now ready to be 
put in packages of such size and shape as the manufacturer or 
wholesale purchaser may desire and put upon the market under any 
one of the names mentioned in the beginning of this paragraph. 

Analyses of the various brands of cocoa now found upon the 
market show a content of fat usually varying between 20 per cent. 
and 30 per cent., sometimes even less than 20 per cent. As the cocoa 
bean contains about 50 per cent. of fat, it appears that in the prepa- 
ration of cocoa, manufacturers are in the habit of removing from 
two-fifths to three-fifths of the total fat found in the bean. This 
fat, which forms the by-product in the manufacture of cocoa, is 
moulded into cakes and sold as cocoa or cocoa butter. 

The adulterants of cocoa are the same as those of chocolate and 
consequently do not need a separate description. The most common 
adulterants at the present time appear to be corn starch and wheat 
or rye flour, 
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POTATO CULTURE. 
BY ALVA AGEL, Cheshire, Olio. 


During the eleven years from 1896 to 1900, inclusive, the potato 
growers of the United States produced over one thousand millions of 
dollars’ worth of potatoes, valuing the crops at prices obtained upon 
the farm. The average yield per acre during these eleven years was 
less than seventy-seven bushels. The average receipts per acre at 
the farm were $34.57. If one-third of the present annual potato acre- 
age were released to the production of clover or other profitable 
crop, and if the remaining two-thirds were given proper fertilization, 
seed and tillage, it would produce with ease 115 bushels per acre, 
worth $51.85. There would be no increase in total crop to depress 
prices, but there would be great increase in net profit per acre to the 
grower, and it is for this that we, as individuals, till our fields. The. e 
would be, in addition, the saving of nearly nine hundred thousand 
acres of good land from the annual potato acreage. Profit in agri- 
culture must be sought in increased yields from a restricted acreage, 
perinitting a greater percentage of arable land to lie in clover and 
pasture a sufficient portion of the time to guard its fertility. 

This estimate of possible average yield per acre is made guardedly, 
and is well within bounds. Tens of thousands of growers would re- 
gard an average of 115 bushels per acre extremely low. It is an at- 
tainable average for our country, and would add many millions of 
cellars annually to our net profit from the crop. 


PREPARING THE SOIL. 


Potatoes are grown with a fair degree of success in many kinds of 
soil. The individual grower usually finds himself limited in choice, 
and may have nothing approaching a typical potato soil, which is 
deep, friable and retentive of moisture. 

It is the desire of the writer to indicate ways by which fairly 
profitable yields may be secured from land that is not perfect in its 
adaptability ito this crop, as it is so universally desired on our farms, 
either for home use or for market. 


Physical Condition.—The first consideration in the selection of the 
potato field is the physical condition of the soil. That soil of the 
farm should be chosen which is naturally well drained, retentive of 
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moisture and sufficiently loose for the development of tubers, or 
which is capable of amendment in this respect. Experience and ob- 
servation combine to convince me that the control of soil moisture 
is the great problem in farming, and it is true in an especial degree 
in respect to potato-growing. 

Underdrainage—If the land is naturally heavy and wet, under- 
drainage is required. There are few crops whose cash returns jus- 
tify the expense of underdrainage in higher degree than the potato. 
If a soil would become fitted for this crop by drainage, the work can 
be safely advised, even for those who might find it necessary to bor- 
row the money for the work. This is not the place for direction con- 
cerning drainage, but so many failures in potato-growing are due 
to an excess of water in the soil, that emphasis is placed upon the 
importance of underdraining any wet land that is to be given the 
costly seeding and tillage of the potato. The only first class ma- 
terial for underdrains is tile, and in most clayey sections of the 
country the yield of potatoes will increase with the extension of the 
use of drain tile. 

Humus.—The contro] of moisture, however, is not secured in most 
soils merely by drainage. Deficiency in a supply at critical ‘times in 
the growth of the plant is a usual cause of failure. In preparing a 
soil for potatoes, a leading aim should be to increase its capacity for 
storing moisture by the incorporation of rotted organic matter with 
it. The soil may be regarded as a big sponge for the holding of 
moisture, and its retentive character is fixed largely by its percent- 
age of decayed vegetation. Ifa soil be clayey and deficient in humus, 
the water from rains runs off it or is evaporated from its surface, 
while the particles of clay adhere to each other, holding little water 
in a form friendly to plant growth. If a soil is sandy, the water 
from rains rapidly descends and passes away through the subsoil. 
Hither class of soils is greatly benefited by the presence of decayed 
vegetation which stores moisture for future use of plants. Natural 
potato soils are rich in humus, and other soils must be made to ap- 
proach them in character by the use of humus-making material. 

The reader may have learned from excellent authorities that choice 
tubers are secured from land nearly free from humus, and it was 
formerly claimed by some that such land should be selected for this 
crop, but it was found that good yields could not be gotten in dry 
seasons without irrigation. 

After six years experimentation with potatoes, the Cornell Experi- 
ment Station has reached this conclusion (Bulletin 196): “Where the 
soil is in proper physical condition the moisture may be conserved 
through an extreme drouth by means of frequent shallow surface 
tillage. But if the soil has become deficient in humus no amount 


of tillage is able to make good the deficiency. 
41. 
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“Tf all conditions are favorable as to.rainfall and temperature, the 
humus problem is not so important, but if it is expected to carry a 
crop successfully through a season of extreme drought, as was the 
summer of 1900, the soil must be abundantly supplied with humus, 
or otherwise it will part with its moisture and the crop will suffer. 
Intensive tillage for best results through a series of years must be 
accompanied with the use of farm manures, or of green manuring. 
This is especially true of potatoes where best results are secured ina 
moist, cool soil. Abundance of humus favors both these conditions.” 

Rotted organic matter performs in the soil the double office of 
improving physical condition so that moisture may be held, air be 
admitted and plant roots be developed, and of furnishing plant food. 
Sources of such matter will be considered in their two-fold capacity. 

lLegumes.—Clover will fit land for potato-growing more completely 
than any other one plant within my knowledge. Its roots run deep 
and are bulky. Their habit of growth secures a fine division of clay- 
ey land, penetrating every cubic inch with fibres, and thus producing 
the physical condition of soil so grateful to the potato. We incline 
to look upon clover only as a fertilizing plant, and as such it stands 
pre-eminent in the sections adapted to its growth, but it is a safe 
statement that in a rotation of crops which includes clover and po- 
tatoes, the effect of clover upon the physical condition of the soil 
gives to this renovating crop half of its value. Such statement does 
not minimize its fertilizing value, which is unexcelled, but calls at- 
tention to another value in it often underrated. 

Asa purveyor of plant food, clover is first among plants. It feeds 
upon the free nitrogen of the air through bacteria that live upon 
its roots and serve it while living upon it, and through deep-running 
roots the clover feeds in the sub-soil where there usually is a great 
wealth of fertility. But clover has a way of failing. Or we may 
have lacked foresight, and there is not time to grow the clover before 
a crop of potatoes is wanted from a certain field. 

There are other legumes of great value. Living near the southern 
border of our northern States, the writer has found it profitable to 
grow many acres of cow peas for plowing down for potatoes. The 
southern pea has its northern limitations, failing to make as luxu- 
riant growth nerth of the fortieth parallel of latitude as it does in 
the friendly heat of the south. But it makes a good root growth 
and a fair amount of vine that give a rich humus, and it adds to the 
supply of soil nitrogen after the manner of clover. The soja bean is 
another renovating crop of value, growing quickly and providing a 
good supply of humus. : 

Other Sods.—A timothy sod will give good results when handled 
intelligently. Bearing in mind the need of the potato plant for thor- 
oughly rotted organic matter, we may see that timothy can be made 
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to serve if plowed early. When the planting is to be done in early 
spring a timothy sod should be broken the preceding fall, and loss 
from winter exposure may be prevented by a seeding to rye. No in- 
considerable amount of potatoes is grown in the farm and village 
garden and truck patch that have no proper rotation of crops, and 
such land always should have its winter cover crop of rye, crimson 
clover, rape or other similar growth. 

Stable Manure.—The use of stable manure on potato land is very 
universally condemned by writers. When we view the ill effects only, 
the condemnation appears none too severe; but there is another side 
to the question demanding consideration. Fresh stable manure in 
the soil favors diseases that roughen the skin of the tubers. Our 
city markets bear evidence of the wide prevalence of soil diseases 
that reduce the value of crops, and it is the tendency of such diseases 
to increase and finally to cripple most seriously the industry of po- 
tato-growing. In view of this, the safe thing has seemed to be to 
discountenance all use of stable manure—especially that of the horse 
—on potatoes. But the writer shares the common experience of a 
host of growers that an application of farm manure, properly made, 
increases the net profit from potato fields, and we stop here to sift the 
matter for the sake of truth. 

Going back to the fact that the potato wants its organic mat- 
ter thoroughly rotted, we understand the good results gotten from 
potatoes after corn when the sod for corn has been sufficiently 
well manured to supply the soil for two years. The tubers are 
clean and thin-skinned, excelling in appearance the crop gotten 
where fresh organic matter abounds. It is right, then, to use 
manure on a crop preceding potatoes rather than upon potatoes, but 
the supply must be equal to the demands of the two crops, and if the 
first be corn, as is a common custom in some districts, that means 
a large supply. But I keep in mind, in this writing, the circum- 
stances of a large class that either have land in limited amount or 
have manure in small supply, and are led by necessity to the planting 
of potatoes in land not perfectly fitted. With them the question is 
not what they would choose to secure perfection of conditions but 
what they may do to make the best of their situation. If land is lack- 
ing in physical condition, having had too heavy draft upon its supply 
of humus, and withal is to be planted with potatoes, it is usually 
wise to use a dressing of stable manure. This manure should be ap- 
plied in the fall, and the best results are gotten from plowing it under 
to a depth of four or five inches before the middle of September in 
order that a winter-cover crop, like rye, may be seeded. In the spring 
the eover crop should be plowed down, the ground being broken 
deeply, and then the manure with its leachings is brought toward the 
surface and well distributed throughout the soil. The manure 
brings humus and fertility, and the soil lacking these should have the 
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manure even at the risk of the introduction of disease. It were far 
better if all land could be cared for properly, receiving its plant food 
and physical amendments at correct times in a wise rotation, but 
such conditions will never prevail universally, and hence the neces- 
sity of modification of methods outlined for perfect conditions. 

Commercial Fertilizers —A discussion of sources of organic ma 
terial for improvement of soils before planting leads naturally to the 
subject of commercial fertilizers, and as the practical man should 
plan his work ahead of the plow, we discuss further the subject of fer- 
tilization before considering that part of preparation for a crop that 
is done with plows and harrows. 

There are two methods of employing commercial fertilizers in com- 
mon use. One of these is based on the belief that such fertilizers can 
be used profitably only in starting a crop, and preferably those crops 
with which seedings to grass are made. The other method involves 
the use of large quantities of commercial fertilizers for the constant 
feeding of the plants from seed-time till harvest. I ‘forego the 
pleasure of a discussion of this important question except so far as 
it concerns the potato. Keeping in mind the necessity of net profit 
from the crop, we must secure all needed plant food as cheaply as 
possible. Most soils devoted to potato-growing, excepting now the 
seaboard sands that produce the early market crop, are naturally 
strong. That is to say, in them ure stored large amounts of plant 
food that become available slowly. The average arable soil is a 
store-house of inert elements of plant food. Availability is secured 
in part through the growth and decomposition of crops like clover, 
peas, vetches, timothy, rye, ete., and the legumes also add nitrogen 
from the air. If a light application of commercial fertilizer of any 
sort will put clover or peas ‘to work to supply the needs of a subse- 
quent cash crop, such fertilization is rational and profitable. Such 
is the scheme of a majority of farmers, though its successful opera- 
tion is not always apparent. There is failure oftentimes to get the 
full manurial crop or heavy sod, and the remaining crops of the rota- 
tion, dependent largely upon that crop or sod, are too small for best 
profit. 

The other method involves the feeding of every crop according to 
its supposed needs, and necessitates an expenditure of money that a 
majority of farmers, selling in average local markets, would regard, 
possibly with reason, as ruinous. But the potato, grown near good 
markets, more nearly justifies such feeding than do most staple crops. 
Its possibilities far exceed those of the staple grains, and usually it 
is quickly responsive to fertilizers. 

Scientists have sought a rule of universal application for the use 
of fertilizers. It was believed for many years 'that the composition 
of the soil, as shown by an analysis, would indicate the kind of fer- 
tilizer that should be used, but the theory would not stand the test 
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of practice. There are soils so deficient in some one element of plant 
food that safe inferences concerning fertilization may be drawn from 
the results of analysis, but these are not the common arable soils of 
the country. The chances always are that a chemical analysis would 
not prove helpful to a farmer. It probably would show the presence 
of a large amount of every element of plant food, and there informa- 
tion would cease. In practice one may know that the soil is lacking 
in available fertility, while nothing in the results of analysis would 
indicate such a fact. 

Another scheme of fertilization was based upon the composition 
ot the crop to be produced. The number of pounds of nitrogen, phos- 
phoric acid and potash in a ton of potatoes is known, and it appeared 
reasonable that a fertilizer should approach the composition of the 
crop desired. This theory of fertilization is now discredited by lead 
ing scientists and by practical farmers, for two reasons: First, it fails 
to take into account the tons of available plant food in the soil. Land 
that has been given a heavy growth of clover, or a dressing of stable 
manure, may contain all the available nitrogen needed for the pro 
duction of a full crop, while there is lack of potash or of phosphoric 
acid. The soil may ‘be naturally so rich in potash that a score of 
crops would not exhaust the supply appreciably, and yet be lacking 
in available nitrogen or phosphoric acid—a lack not apparent from 
analysis of the soil, but apparent from results obtained when one 
of these elements is supplied to the growing plant. 

The other reason for discrediting this theory is the rather awkward 
fact that experimentation shows profitabie results from the seem- 
ingly excessive use of certain elements under some circumstances. 
A soil may be in fairly productive condition, and then give more net 
profit from a crop treated with twice the amount of one element 
found in the composition of that crop than it would from a lighter 
application, and at the same time another element may not increase 
yields at all. These puzzling results do not destroy our faith in the 
value of scientific investigation, but they assure us that the laws 
governing plant growth are not within our grasp in such degree 
that we can feed crops by any general formula prepared by others 
with assurance that we are doing the most profitable thing for our- 
selves. After turning to one and to another, we finally must de- 
pend upon ourselves and our own experimentation. 

Station Results.—I state the matter of self-dependence thus be- 
cause many are loth to give up the hope that others can save them 
from the trouble of farm experiments. They should understand 
that, so far as scientific research has gone, there is no way to know 
absolutely what fertilizers will pay best on a potato crop, or other 
crop, except by farm tests. And yet there are certain wide lines, 
fixed by Station results, within which we may confine our labors, and 
thus keep the chance of failure down toa minimum, 
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It is an old belief of growers that the potato is, in a peculiar de- 
gree, a feeder upon potash. It resulted that all special potato fer- 
tilizers a decade ago made potash the most prominent element. 
There is a reason for most things under the sun, and, in casting about 
for the cause of this confidence that the potato wanted potash chiefly, 
I am led to think that it arises in part from the known lack of potash 
in most sandy soils which have been devoted to potato-growing. On 
these soils applications of potash have been effective. It is further 
true that the ash of the potato is rich in potash, but in no higher de- 
gree than is the ash of some other crops. The New York Experiment 
Station, at Geneva, after a six years series of fertilizer experiments 
with potatoes, concludes that “this crop is not greatly unlike many 
others, including roots and forage crops, in its fertilizer requirements 
under given conditions.” 

It is known that sandy soils incline to be deficient in potash, and 
extensive growers of potatoes in such soils of Long Island, New 
York, use potash freely, having in common use a formula calling for 
four per cent. of nitrogen, eight per cent. of phosphoric acid and ten 
per cent. of potash. The correctness of this so-called Long Island 
formula naturally would be accepted for land of that class by reason 
of its general use were it not for the results gotten in the series of 
tests made by the Geneva Station under direction of Dr. Jordan. 
Very strangely the potash was wholly ineffective in some of these 
tests, and Dr. Jordan says: “The outcome of extensive experiments 
for four years on four farms presents good reasons for questioning 
the wisdom, under the condition involved, of applying more potash 
con potatoes than any other ingredient. It is now a trite saying, but 
a true one, that each farmer must discover for himself the fertilizer 
needs of his farm.” y 

Nitrogen.—Within certain lines we may infer pretty safely the 
nitrogen requirements of our potato soils. Land that is very rich in 
humus, such as black alluvial soil, is rich in nitrogen. This 
element is the most costly one in a fertilizer, and an unnecessary ap 
plication cuts net profits rapidly. Stable manure, made on cement 
er tight clay floors, and kept without waste until spread upon the 
land, is rich in nitrogen. Where a soil is liberally fed with stable 
manure the year previous to the planting of potatoes, we infer that 
the need of purchased nitrogen is slight. The presence of a good 
growth of any of the legumes is assurance of the presence of this 
element. In a soil rich in humus the clover may feed largely upon 
soil nitrogen, while under other circumstances it may get a goodly 
share of its supply from the air, but in either case the nitrogen is at 
hand if the clover or peas is present, and the percentage of nitrogen 
in the commercial fertilizer may be kept smail under ordinary con- 
ditions. 

Again, we learn to determine the content of nitrogen in a soil by 
humus, such as much black alluvial soil, is rich in nitrogen. This 
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the character of the growth. This element gives a rank growth of 
potato vines of a dark green color. Where the vines grow rank 
without application of nitrogenous fertilizers, we cannot hope to in- 
crease yields to any profitable extent by their use. Indeed, there is 
always danger of diminished yields as a result of excessive use of 
this element. This is frequently observable in old barn lots and in 
other spots that have had the leachings of manure. The vines grow 
to extraordinary size, while the tubers are very small at digging time. 
It may not be possible to state with certainty the cause of this 
phenomenon, but it has been supposed that the potato will not di- 
vert its energy to the development of tubers until the vines have 
reached a stage that permits the storage of some energy for this pur- 
pose, and where there is a quality in the soil inciting to extreme 
growth of vine, that stage of development favorable to forming 
tubers is reached too late in the season for good results. Be that 
as it may, the known fact that injury may result from the presence 
cf an excessive quantity of nitrogen in the soil is all that the prac- 
tical grower needs to place him on his guard. It is safe to say, how- 
ever, that most cultivated soils incline to be deficient in this element 
unless stable manure or the legumes is used, and the question with 
' the grower often is not whether nitrogen could increase yields, but 
whether it would do so with profit, or in what quantities could it be 
used in view of its costliness. 

For Early Potatoes.—The nitrogen of the soil does not enter avail- 
able forms rapidly in cool or dry weather. The grower of potatoes 
for early market usually finds it profitable to supply an available 
form of it to his early-planted crop to force growth before there is 
sufficient heat in the soil to convert its own nitrogen into forms re- 
quired by plants. For this purpose the nitrate of soda is a common 
source. It is quickly available in the soil, and I prefer not to use it 
until the plants appear above ground, as the fertilizer will leach 
away if there are no plant roots ready to appropriate it. Slower or- 
ganic forms of this element, such as tankage, dried blood, fish, etc., 
are desirable carriers of nitrogen for use of plants in mid-summer 
when decay is rapid on account of heat. It is suggested that one- 
third of the nitrogen be supplied in nitrate of soda, and two-thirds 
in dried blood, fish or other organic forms. 

Nitrogen exists in unstable forms, and cannot be stored in the 
soil indefinitely. It wastes rapidly in the summer if no plant roots 
are ready to use it. If a potato-grower finds that he can use pur- 
chased nitrogen with profit, as is eminently true in the seaboard 
sands devoted to the early crop, it is advisable to provide part of the 
supply in organic forms that yield up plant food through decay as 
the season’ progresses, and to supply some immediately available 
nitrogen, in nitrate form, as a top-dressing during the late spring 
months. 
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Phosphoric Acid.—It is an admitted fact that most soils are rela- 
tively poor in phosphorus. Of the ten or more elements known as dis- 
tinctly soil elements used by plants for making growth, only three 
are ever found deficient in most agricultural soils. Two only may be 
lacking, and oftentimes only one element. In considering the mat- 
ter of fertilizing land for potatoes, I have tried to show that pur- 
chased nitrogen may pay, and it may not. Concerning this we judge 
by the character of growth the soil makes, and by field tests. Like 
wise, potash may or may not be lacking in available form. Concern- 
ing the third one of these three elements, phosphoric acid, the same 
may be said, but we assume that in nine soils out of every ten, if any 
one of these three elements is lacking, that one is phosphoric acid. 
If two elements are wanted, phosphoric acid will prove to be one of 
these two. The content of this element in the potato is small, and 
there remains a general impression that phosphoric acid is of minor 
importance in fertilization for potatoes, but a careful study of all 
Experiment Station tests is convincing that phosphoric acid cannot 
be left out of any potato fertilizer, and that the requirements for 
this element are wholly out of proportion to the amount actually 
stored in the tops and tubers of the plants. So pronounced is this 
that some careful experimenters have been led to say that phos- 
phoric acid is the controlling element in a potato fertilizer. A 
formula for a fertilizer carrying the elements in the proportion 
found in the potato tuber would require four and one-half per cent. 
of nitrogen, two of phosphoric acid and ten of potash. 

The Long Island growers have raised the percentage of phosphoric 
acid to 8, cutting the nitrogen to 4, and Station experimentation indi- 
cates that the formula should show a stiil higher percentage of phos- 
phorus, while the potash may be cut down. The whole matter of 
fertilization must be left within wide lines, and the individual grower 
must find by farm experiment just what plant food may be given 
With profit to his land, but the assumption should be that any potato 
fertilizer should be strong in phosphoric acid. Until the opposite is 
proved true in the field, I should assume that this element should be 
the dominant one in the potato fertilizer used. The assumption is 
based not only upon Station experiments in sands as well as clays, 
but also upon the trend of opinion among those growers who test 
these things for themselves. 

Let no reader get the impression that cropping should be done with 
phosphoric acid alone. Much land is being ruined to-day by such 
practice. But if heis a grower of potatoes he may begin experimen- 
tation with the fact that if any one element is lacking in his soil, 
this one probably is so lacking. Then he must learn whether he is 
supplying sufficient nitrogen through manures and cloyers, and he 
must take stock of his supply of available potash in the soil, and sup- 
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ply a need of that element, if such need exists, as is very often the 
case, notably with sandy soils. 

Carriers of Potash.—The cheapest carrier of potash for most po- 
tato-growers is the muriate. It is a common impression that this 
material affects the quality of the tubers adversely, and the rather 
more costly sulphate is advised. In my own fields I have made some 
tests, selecting tubers from hills treated with the muriate, and other 
tubers from hills on an adjoining plat untreated, and having them 
cooked together under proper conditions. So far I have been unable 
to detect the slightest injury to edible quality from use of potash in 
the form of a muriate, and this has led to the study of Experiment 
Station tests with the result that the character of soil or season ap- 
nears to be a determining factor. There is less assurance of the 
slightest injury to the quality of the potato from use of the muriate 
than would be expected from the importance that has been attached 
to the matter by writers. It appears that in some soils quality is 
affected, at least, when the potash is not applied before the planting 
so that the salt may be washed out by rains. In other soils there 
are no ill results. It is a matter easy of test for the grower, as both 
sulphate and muriate forms are on the market everywhere. Kainit, 
a low-grade sulphate form, contains so big a percentage of salt that 
it should be classed with the muriate in effect upon quality. 

In respect to effect upon yield, it is probable that the more costly 
sulphate is the cheaper source of plant food for acid soils, while 
the muriate is most satisfactory for all other soils. The Rhode Is- 
land Station has arrived at this conclusion from the study of its own 
results in comparison with those of other Stations. 

Ashes.—An application of hard-wood ashes usually has a favor- 
able effect upon the yield of potatoes. As such ashes are rich in 
potash, this effect is doubtless one cause of the very common belief 
that potash is peculiarly a potato fertilizer. The truth is that ashes 
exert an effect upon most crops wholly out of proportion to their 
potash content, and therefore attributable to some other element 
or elements in the ashes. It is known that the lime in ashes is in an 
especially effective form, exerting much influence upon the soil. 
While, as has been stated, hard-wood ashes affect yields favorably, 
they promote diseases that roughen the skin of the potato, and their 
use is not advised except on acid soils. In some soils they also have 
an unfavorable effect upon the texture of the land. 

Coal ashes contain practically no fertilizing qualities, but I have 
found that it pays to draw and spread the home supply on the more 
clayey parts of the potato land for its improvement in physical con- 
dition. They should be spread before the harrow, and worked into 
the surface soil. 
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Plowing the Ground.—Soils in which potatoes may be grown with 
profit vary so much in character and in location that no hard and 
fast rules can be laid down. But keeping in mind the nature of the 
plant and its likings, we may make our practice conform to its needs. 
The first consideration, as has been said, is that of soil moisture. 
We want conditions under which a supply may be held for times of 
drouth. One method of securing this is by deep plowing. The 
storage capacity of land is increased by deepening the soil, as that 
is the part of the earth that contains organic material in such form 
that moisture is held as in a sponge. The deeper we plow, the more 
soil we have of such texture that the water of rains is received and 
held, provided the percentage of humus is maintained by increasing 
the supply as we increase the number of cubic inches of soil upturned 
by the plow. Within certain bounds we may make this rule for our 
guidance: The depth of plowing should be proportionate to the per- 
centage of humus. But the potato requires an abundance of this 
material, and if our soil is properly stocked with it, the plow should 
go deep. Depth in plowing is a relative term. I know successful 
growers on land that will not permit a greater depth than six inches. 
They feed that six inches well, and make money. Preferably, how- 
ever, the plowing should be deeper. Where six inches is a normal 
depth, seven should be gotten if possible. Where eight inches is a 
usual depth, nine inches should be sought. 

Kind of Plowing.—I like the rule given above respecting the depth 
of plowing. If a thin sod be buried deeply, and soil deficient in 
humus be placed at the depth the tubers shall form, a clayey soil 
will give disappointing results. Worst of all, a layer of soil deficient 
in humus, either in clays or sands, is utterly unfit material for the 
soil mulch that we make at the surface by tillage for the retention of 
moisture. If the amount of organic material be small, it should 
not be distributed throughout too many inches of soil by very deep 
plowing. It is better to sacrifice the benefits of depth under such 
circumstances to insure fair texture of the soil in which the tubers 
form and of that at the surface. This caution is for those only who 
from necessity plant land not well fitted for potato-growing. Where 
the soil is supplied with such a store of humus as the potato de- 
lights in, depth should be secured by deep plowing. It was Ben- 
jamin Franklin who said, “Plow deep while the sluggard sleeps,” and 
while the advice is much quoted and is wise within proper bounds, 
I venture the opinion that if the revered author were to return to 
earth and note the decrease in the humus-content of our American 
soils he would modify the statement so far as to say that the depth 
should increase only with increase of humus-producing material 
added in sods and manure. 

The Plow.—There are breaking-plows of many models. In respect 
to the kind needed for turning sod land for potatoes, let us reason 
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the matter out. Assuming that the soil needs the improvement in 
texture due to rotting sods, we may be sure that the best of the sod 
should not be buried in the bottom of the furrow. There is more 
talk than practice of leaving the furrow-slices on edge. This is due 
to the use of plows having long and curved mold-boards, and to our 
liking for a smooth appearance in a plowed field. The sod should 
be left in such position for potatoes that it can be distributed 
throughout the soil, a fair proportion remaining near the surface. 
This means the leaving of the furrow-slice on edge, and that is done 
only by the plow having a short and straight mold-board. This point 
is not appreciated by growers who have a soil naturally loose and 
able to remain in good physical condition without the aid of or. 
ganic matter, but such soils are the exception. The short and rela- 
tively straight mold-board leaves the furrow-slice as required by the 
potato in ground of rather poor texture. It will not pulverize while 
turning the ground as does the long, curved mold-board, but that is 
merely one of the drawbacks of farming a soil not perfect in its adap- 
‘ability to a desired crop. The plow should be set io run true on the 
bottom, and to turn not more than an inch in excess of what is ac- 
tually cut by the point. 

Thoroughness in plowing is more important for the potato than for 
either corn or wheat, necessary as the latter may be. The potato 
makes in the ground, and is more dependent upon good soil condi- 
tions than is any of the cereals. If the workman will set the plow 
to cut a trifle scantily and then hold against the plow-handle to off- 
set this, the furrow-slice can be partially pulverized with a very 
short, straight mold-board. 

Time of Plowing.—It is probable that four out of every five of my 
readers plant early varieties of potatoes, or else plant medium varie- 
ties early in the season. They have doubtless observed that early- 
plowed land retains moisture more perfectly than land plowed later 
in the spring. Recalling the fact that drouth is usually a factor in 
cutting yields of potatoes, and that the control of moisture is the first 
consideration, we learn that it is wise to plow early for this crop. 
There is less loss of soil moisture from the airing given by plow- 
ing, and there is more opportunity for spring rains to restore the 
close union of the top soil and sub-soil so that water may rise from 
below. Much as we value an addition of vegetable matter to the 
soil, we do not want plowing delayed until a growth of clover or 
rye becomes bulky and woody, as experience teaches that this bulk 
has robbed the ground of moisture in its growth and interferes with 
the rise of moisture from the sub-soil when plowed down. Early 
spring plowing is advisable for most land devoted to potatoes that 
are matured before the first of September. 
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Fall-Plowing.—Regarding only soil fertility, land should be kept 
covered by a growing crop. Bare land is losing available plant food 
whenever it is not locked up by frost. Hence the condemnation of 
fall-plowing for a spring crop. But we do not invest money in land 
primarily to maintain its fertility, but we maintain fertility in order 
that we may make money. Income must be considered. There is 
land of such texture that a spring-planted crop can not be produced 
from it in profitable amount unless it undergo the ameliorating ef- 
fect of hard freezing. It cannot be put into fine physical condition 
after spring-plowing, while it does yield itself well to tillage when 
plowed in the fall and left frost-locked during winter. I am ac- 
quainted with some such land that is made to produce potatoes 
profitably for its local markets, and am sure that there is a serious 
mistake in condemning fall-plowing for it. Again, there is land now 
yielding good income from extra early potatoes that could not be 
plowed in time for the early planting if the work was delayed till! 
spring. It loses some in fertility, but amends are made to it by the 
application of plant food easily purchased from the proceeds of its 
crops. When consistent with returns from the crop, land should 
not be left bare during winter. The losses from this source have 
been heavy in American agriculture, but there are conditions justi. 
fying some fall-plowing for potatoes, and the matter is one worthy of 
careful study. If seemingly best, do it, but remember that when bare 
and unfrozen, there is a loss of fertility that must be made good be. 
fore net profit is figured. 

Harrowing.—Potato land should be made fine, but not too firm. 
Spring rains tend to pack ground unduly for potatoes unless it is 
naturally very friable. The perfect harrow would be one that pul- 
verizes each furrow-slice fast as turned, with power gotten from a 
horse walking on the solid bottom of the furrow by its side. I have 
tried to interest inventors in such a harrow, but am assured that too 
many farmers are indifferent to perfect work to make the demand 
for such a harrow attractive to a manufacturer. As it is, we plow 
land to make it loose, and then tramp it with horses while fining ii 
until a considerable percentage of the soil is packed down as tight as 
it was before the breaking-plow was used. When the weight of a horse 
is placed on the few square inches of surface covered by his foot, the 
ground under the foot is packed. This is especially true of soil that 
necessarily is worked in the spring as soon as it crumbles nicely. 
The track of the horse fills with loose soil, hiding the damage done, 
but let the farmer remove the loose soil and dig into the ground 
that was packed by the pressure, and he will realize what is being 
done. It has been my rule to cut the plowed land with a twenty- 
inch disk harrow, drawn by three horses. Two cuttings, each lap- 
ping half, equal to four single cuttings, have been given to tear the 
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sod into pieces. These were followed by an Acme, and then by a 
plank float. An estimate of the amount of surface covered by the 
feet of the horses in all this work is astounding. it may be thought 
that the harrows repair the damage, but usually they conceal rather 
than mend it. Ina fresh-plowed field the effect of the pressure given 
by the feet of the team goes much deeper than the average harrow. 
Indeed, thorough as my own harrowing has been, I find the firmed 
soil below the depth made by the extra large disks. Such pressure 
immediately under a hill cannot fail to do harm. 

This consideration enforces the necessity of letting a soil become 
fairly dry in the spring before the harrow goes upon it. It also leads 
one to defer some of the preparation of the land until after the plant- 
ing when the horses can be kept in the middles between the rows. 
This suggestion is made with some misgivings, knowing the tendency 
to slight preparation of a seed-bed, and the inclination to promise 
land additional work that is never given it. But I write of prepar- 
ing land for an early crop, when rains are sure to firm the plowed 
ground sufficiently to put the sub-soil into close contact with it so 
that moisture can rise from below. A later-plowed field must be 
harrowed with thoroughness and made reasonably firm to insure 
against drouth, and at a later period in the spring the tramping by 
teams does not pack a soil so severely. But no matter how early the 
planting, there should be sufficient harrowing to make a soil fine. 
After the planting, a deep, thorough tillage can be given to complete 
the work of preparation. This will be discussed under another 
head. 

It is always a mistake to plant potatoes among clods. The work 
of fitting with harrow and float must be sufficient to give to the piece 
of seed a surrounding of fine soil. The use of the plank float right 
after the plow, and again after the harrow, will do much to insure 
this state of fineness. There is no question in regard to the neces- 
sity of this much work. Some deeper tillage, however, may be de- 
ferred, provided one understands the need of it, and will give it be- 
fore the young plants have sent their roots out into the soil. 


THE SEED. 


Success in potato-growing is dependent largely upon the seed. A 
large percentage of failures is attributable directly to the character 
of the seed. While I base what I write »pon the experience gotten 
year after year in the culture of this crop, and upon the experiences 
of others, it cannot be expected that some readers will accept readily 
many of the statements, and to all such the request is made, in the 
interest of truth and their own income, that they put the doubted 
statements to the test of field trial. Many a farmer says that po- 
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tatoes cannot be grown profitably on his farm when the fault lies 
with the seed he has been using, and the easy trial of good seed is 
within his reach. There are large areas that will not grow potatoes 
well, and are not needed in the country’s production, but most farm 
ers Should grow their home supply, and do it with some profit. This 
may demand a different fitting of the soil than that given hereto- 
fore, but to poor seed is many a failure attributable. 

What is Good Seed?—The tuber of the potato is not the true seed 
of the plant; that is in the seed ball. Neither is it the root of the 
plant, as is the case with the sweet potato, It is merely an enlarge- 
ment of an underground stem. The plant puts forth branches above 
ground which form blossoms, and at a certain stage of growth the 
plant puts forth branches, or stems, that do not come above ground 
and blossom, but remain below the surface, enlarge at the ends, 
and form that which corresponds to the blossom of the branch above 
ground, with the addition of starchy material stored about the cells 
leading to the buds, which is intended by nature for the feeding of 
the young plants when they are started another season. These 
buds, cells and stored starchy material, wrapped up in one package, 
is the tuber for which we cultivate the plant. 

Just so sure as like produces like in this world, the tuber par- 
takes of the nature of the vine that produces it. If that vine has 
grown in a heat that weakened it, or has been affected by disease or 
insects that lessened vigor, the tubers have a correspondingly low 
vitality. As we know, :the potato thrives best in a cool climate. 
Excepting the high mountain elevations, all land south of the for- 
tieth parallel has too much heat during some period of the growing 
season in normal! years for the best development of the early-planted 
potato. It does not follow that big yields per acre are not obtained 
some seasons in the heart of the belt liked by our heat-loving corn 
plant. Our southern States grow good fields of potatoes, and yet 
the fact remains that the big yields are most easily gotten in north- 
ern latitudes—in Maine, New York, Michigan and the northwest. 
There the potato thrives in the absence of extreme heat, and has 
great vitality, as the size of the tubers attest. 

Potatoes grown year after year under unfavorable climatic or 
soil conditions, decrease in vitality, and the man who clings to such 
tubers for planting must reap what he sows. The vines lack vigor, 
and the underground stems, or tubers, lack in size. Excepting high 
altitudes in our mountain sections, there are no sections south of the 
States mentioned above where the vitality of potatoes is fully main- 
tained, and I am very sure that it would pay growers to get seed 
from the north every second or third year when prices are apt to be 
low. This statement could be put stronger by me, as I find it profit- 
able to get seed from more northerly sections every year. But even 
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if a change were made every second or third year, there would be far 
less loss irom inferior stands of plants. 1 refer now to ail growers 
who plant in early spring, ‘There are conditions under which vi- 
tality in comparatively warm latitudes may be maintained for a 
time by growing the seed in the cool weather of autumn, but the ex- 
perience of many successful growers is corroborated by co-opera- 
tive tests at the Vermont and Maryland Stations, in which the Ver- 
mont seed proved to be the better. The Missouri Station found Ver- 
mont and Wisconsin seed superior to that of Missouri, and in tests 
of Rhode island and Maine seed, the latter proved the better. 

Selection of Seed.—Growers have been puzzled by the contradict- 
ory evidence concerning the relative value of small potatoes for 
planting. Hxperiment Stations and individuals have gotten results 
{from comparative tests of small and large seed that conilicted with 
results irom other tests, and some farmers have concluded that 
there is no choice in size. Let us think over the maiter. ‘he tuber 
shares the degree of vitality possessed by the vine. It isa branch— 
only underground. Its size depends upon two things: the vitality 
of the vine and the time the tuber was formed. If it belongs to the 
second lot of setts made by the vine, and is small simply because it 
did not have time to become large before the vine matured, it comes 
of just as good stock as the larger tubers, of the first lot of setts, in 
the hill. It has good blood and can reproduce the vine that pro- 
duced it. Such seed, though small, may give a maximum jield. 
But there is the small tuber that was part of a spindling vine, low 
in vitality. it is small because there was not enough good blood 
in that vine to make any tuber as large as it should be. It is low in 
Vitality, as the vine was—a good-for-naught trifling—because the vine 
had no original vigor. There are two kinds of small potatoes. 
Those from vigorous vines may give good yields, while those from 
Spindling vines are a disappointment unless highly fed by a rich 
soil under favoring climatic conditions. it could not be otherwise 
according to nature’s laws, and it is not otherwise in our farm ex- 
perience. 

The ‘“Runty” Potato—Too much emphasis can hardly be placed 
upon the distinction between the tuber of small size that has been 
produced by a vigorous vine and the tuber of same size produced by a 
weak vine. In the former instance we have a potato—an under- 
ground stem or branch—that partakes of the great vitality of the 
plant as evidenced by the strong branches. It failed to attain large - 
Size because it belonged to the late setts of the plant, or because 
the plant was late and did not have time for full growth. The tuber 
of the other class is small on account of the natural weakness of the 
vine. When small potatoes, known by growers as “seconds,” are 
used year after year in planting, the percentage of runty individuals 
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increases rapidly. ‘Nearly the entire product of the spindiling hill 
falls into the “seconds” class. Let us suppose that in one season’s 
planting there is only one degenerate vine in a hundred. That will 
not affect the yield perceptibly. Assuming that each one of the 
ninety-nine vigorous vines furnishes one tuber of good vitality for 
the “seconds” class, and that the spindling vine furnishes five tubers, 
we have the next year five degenerates out of a hundred and four. 
The next season we may expect twenty or twenty-five out of a hun- 
dred. 

As a matter of thirty years observation in a potato-producing dis- 
trict, this rate of degeneracy is not at all unusual in the case of care- 
less growers. I have seen crops of thousands of bushels, produced 
from small seed taken from a crop grown from small seed, that run 
so inferior in size that they were not wanted in market, while fields 
planted with seed of high vitality produced tubers of fine size. The 
seed was “run-out” through the continued use of “seconds.” It is 
true that small tubers from spindling vines may not give a failure 
of crop when used for planting. It is possible to have a soil so rich 
and fine that high-feeding of the plants brings improvement of the 
stock. Equally, soil and climate may prevent deterioration of the 
stock when “seconds” only are used. Were it not for such possibili- 
ties in plant life, improvement of strains would be slower work 
than itnow is. But most potato-growers are seeking net profit from 
their land, and very many do not have any excess of fertility. As 
practical men, they should see that vitality in seed is a prime requi- 
site. The plant should come with vigor, not requiring superior fer- 
tility to give it courage to grow, but showing good hustling qualities 
when first it appears above ground, and ready to use to the full all 
the advantages that may be within reach. A vigorous plant will 
make a fair yield in moderate soil, and a better yield as opportunity 
is given it through applications of plant-food and through choice 
tillage. 

Medium Large Seed, Best —While a late sett of a vigorous vine, be- 
ing a second in size, has the vitality of its parent vine and may give 
as big a yield as a larger tuber, in ordinary field culture the chances 
are against it. In the case of some varieties, planted in certain soils, 
one need not hesitate to use “seconds” from vigorous hills. Nine out 
of every ten of my readers will do best not to use “seconds” at all 
for planting. They will obtain, as a rule, finer crops from seed 
pieces cut from larger potatoes. Some tests will prove convincing, 
but a little study of the matter may be equally so. The material 
in the potato is intended by nature as food for the buds or sprouts 
until they have root systems, capable of supplying themselves from 
the store of plant food in the soil. A large piece of potato will feed 
an “eye” and push its growth more effectively than a small piece. 
There are small whole tubers that will send up only one or two 


No. 6. DEPARTMENT OF AGRICULTURE. 697 


sprouts. These belong to certain varieties, or else were produced 
from vines that never matured. These tubers have sufficient nourish- 
ment for the one or two sprouts sent above ground, and make de- 
sirable seed. But most “seconds” used in plauting push several 
buds, whether planted whole or cut into halves. They have more 
sprouts than they can feed vigorously. More than this, the number 
of plants in the hill is too great for the fertility of the soil. The soil 
of garden strength and tilth may take care of this excessive number 
of plants per acre, and push growth so that a fair proportion of the 
numerous setts will attain a good size. Some nearly maximum 
yields have been obtained in this way. But success was due not to 
the seed but the soil that was equal to the emergency. For the or- 
dinary soil and season, the number of plants per acre should be 
limited by the use of seed pieces having a smaller number of eyes 
than do “seconds,” whole or in halves. 

Form of Seed.—The form of the tuber is modified by the soil and 
season. <A crop of ill-shapen potatoes may be gotten from choice 
seed because the ground was hard and interfered with symmetrical 
development, or because the season caused growth to be checked and 
then to be resumed after a portion of the tuber had begun to mature. 
It follows that results from selection for form are not as satisfactory 
as those gotten from similar selection in the corn field. 

But one should select a variety whose type is pleasing, and then 
select seed fairly true to type. This is entirely practical for a 
grower on a small scale, but in commercial growing there are ob- 
stacles. The season or soil may have atfected form temporarily, or 
the potatoes brought from a northern point for growing may be 
too costly to permit culling for conformity to type. I find it profit- 
able always to select for vigor, and there selection must end with 
many growers. By selection for vigor is meant the discarding of 
all tubers whose appearance does not warrant faith in their ability 
to make strong plants. The drawn appearance of the bud at the 
so-called stem or butt end of the tuber, the presence of weak buds 
just starting, or of little potatoes in the bud, the tendency in a round 
or semi-round variety to form a point at the tip end with undue num- 
ber of eyes, a hard, brittle texture that causes the cutting-knife to 
work with difficulty, dark streaks or blotches under the skin—any 
one of these characteristics should condemn a tuber for planting. 
When a man plants one hundred acres or only one acre, it is impos- 
sible that he can afford not to exercise the care necessary to secure 
a stand of strong plants. Some large growers assume that such 
care is out of the question. They are planting extensively in rich 
soil and get good yields. While such is the case, they are not getting 
the yields they should secure so long as some hills are failures be- 
cause they would not discard a worthless piece of seed and supply 


a vigorous piece. Every piece of worthless seed represents a failure 
42 
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to get a hill of marketable tubers. The man who is so rushed by 
work that he plants a piece of worthless seed knowingly because he 
does not have time to discard it when cutting, or before, is planting 
too extensively for best net profit. If the value of a good hill of po- 
tatoes, when produced, is not equal to the cost of throwing out worth- 
less tubers before planting, there is no money in the crop. Each seed 
piece represents a success or failure for a certain area of soil. The 
yields of fields are kept low largely by the failure of many hills to do 
a fair share of the work of production. Many hills in a field usually 
produce at a rate that would seem extraordinary to a grower, while 
vacant hills and spindling vines in others, reduce the average to a 
moderate yield per acre. When potatoes are drilled eighteen inches 
apart in rows thirty-four inckes apart, there are over 10,000 hills per 
acre. A single potato in each hiil weighing a pound, would give 
166 bushels per acre. I am entirely aware of the misleading char- 
acter of estimates based upon single hills or very limited areas, and 
equally am I aware of the practical impossibility of making each hill 
do its fair share, but such estimates as the foregoing have showu 
me the folly of using a seed piece that I knew could not make a vigor- 
ous vine. Often we do not know; the impaired vitality cannot be 
detected. Hence a degree of failure no matter how successful the 
crop. But it is indefensible carelessness to use any seed that does 
not appear vigorous. 

The tubers that make abnormal development are not the safest 
seed. The buds often start weak. Experience teaches that it is 
wise to select tubers of medium size, unwasted by sprouting in stor- 
age, smooth as type will justify, and free from evidence of disease 
and degeneracy. 

Southern Second-Crop Bead! —Twenty years ago the market for the 
potatoes of the producing sections along the Ohio river was found 
in the south. This was equally true for a portion of the New Eng- 
land crop, which was quoted in the market reports as “Boston Peer- 
less.” These potatoes were sold chiefly for planting, the south being 
dependent upon the north for seed, and when we rolled the barrels 
out upon the New Orleans levee after storage for many weeks in our 
flatboats, the sprouted, wilted condition of the potatoes made them 
present a sorry sight, but nothing better was available for our cus- 
tomers. In time the demand fell off, and we learned that the plant- 
ers were using a later home-grown crop of the preceding year for 
spring planting. This was the so-called second-crop seed. Con- 
cerning this seed, Professor Massey, formerly of the North Caro- 
lina Station, says: 

“About twenty-five years ago, by reason of an early and favor- 
able spring, in northern Maryland, our early crop matured much 
earlier than usual. Many cullings were left in the ground, 
which we had intended to prepare for celery. But before we 
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had an opportunity to do anything with it, we found so many volun- 
teer potatoes coming that we concluded to let them grow. The 
weeds were pulled and chopped out by hand, and in November we 
dug a fine crop of potatoes from these broadcast volunteers. We 
wrote to friends in southeast Virginia that there they could do this 
thing regularly, and from that time the growing of the second crop 
from seed of the first crop took its rise. Of late, parties about Louis- 
ville, Kentucky, have been claiming that the practice originated 
there, but we are not disposed to yield the claim to the origination 
of the idea. * * * * Qur practice is to take the potatoes as 
soon as dug in June, clip off a thin shaving from the seed end, and 
then spread them in a single layer in any convenient place and cover 
them about an inch over the top with soil. The land is prepared 
for the late crop by running deep furrows, going twice in a furrow 
and cleaning it out. Thenat any time, last of July and early August, 
as the bedded potatoes start sprouts, we plant the sprouted ones 
(and no others) without any further cutting, and cover very shal- 
lowly in the deep furrows. Planting continues until the middle of 
August, though, in some seasons, those that sprout later will make 
a crop, but the middle of August is usually as late as is safe. As 
the potatoes make green tops, the soil is worked into the furrows, 
until, finally, all is level. The cultivation is as level as possible, the 
object being to conserve moisture. If covered in full in the deep 
furrow at once, few of them would grow, but by gradually filling, 
we get the roots well down in the moist earth and then cultivate flat 
to keep all moisture there. The importance of this crop as a seed 
crop cannot be over-estimated. They are gradually making their 
way northward for spring planting, and as all who have tried them 
find the crop better and earlier than from the northern seed, market 
gardeners will be compelled to use them if they are to compete with 
their neighbors who do. In our own experiments here, we used 
second-crop seed raised from potatoes from New York and Maine, 
planted alongside of potatoes brought the second spring from the 
same stocks. The growth from the home raised seed was much more 
robust than from the northern seed, and when the potatoes were 
dug there was not a potato in the crop from the northern seed that 
would not have been classed as a culling in the crop from our home- 
grown seed. The late southern crop of potatoes, dug last of No- 
vember or first of December, have not started a sprout when plant- 
ing time comes here in February, and kept ina cool, dark cellar they 
will not start a sprout until after planting time north. They thus 
start with the full, strong growth of the terminal bud, and make a 
strong, erect ‘main stem; while the northern potatoes, lying many 
months in cellar, have to have the sprouts rubbed off, and their 
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growth when planted comes from a cluster of lateral buds and from 
a partly-exhausted food supply in the potato. The late southern 
grown crop is the coming seed crop for all parts of the country.” 

I began using this seed for northern planting about ten years 
ago, and find it fully equal to the best northern seed. It is prefer- 
able for early planting when small in size, as no cutting is required 
and a single stalk, as a rule, is sent above ground by the tuber. 
This insures vigor, limits the number of setts in the hill, and gives 
marketable size to the crop at the earliest possible date. When the 
second-crop tubers are small, as is the case when the planting is 
very late and frost arrests growth, a less number of bushels is re- 
quired for planting an acre. New Jersey now grows an extensive 
second-crop, and my own planting of five acres this year with such 
second-crop Early Fortune seed was so satisfactory that there is in- 
clination to emphasize the desirability of more extended use of the 
second-crop for northern planting. It is not urged, however, for 
the simple reason that there has been disappointment from receiy- 
ing stock not true to name. This seed is wanted for an early market 
crop, and our growers have paid the usual high price, and given this 
seed the choicest early ground, only to find that the variety was a 
late one and unsuited to our conditions. Personally it has been 
found best to buy of an acquaintance among producers of this seed, 
and it is entirely hazardous to depend upon the representations of 
middlemen unknown to the buyer. At the Ohio Station the southern 
seed was not found superior to choice cold-storage seed of the north, 
but it is superior to the seed ordinarily used because it does not 
sprout and waste before spring, as is the case with northern potatoes 
in the southern portion of our potato belt. 

Commendation of this southern seed may appear inconsistent 
with what has been said under another head, but it is not so. The 
small size is not objectionable for the reason that it is due not to lack 
of vitality but to arrest of growth by close of the season for growth, 
and for the reason that the small tuber, or the cut piece, does not put 
forth several sprouts, as is so commonly the habit of northera 
“seconds.” So far as my observation goes, a single sprout from a seed 
piece is the rule, though two sprouts may not be unusual with some 
varieties. In respect to latitude, the second crop is grown so late in 
the season that the vines have as much vigor as northern potatoes 
growing in mid-summer. It is produced in cool weather. There is 
temptation to the southern producer to plant too early for sake of 
increased yield, and some years the tubers become very large and are 
matured. Such potatoes are less desirable for planting. 

Immature Seed.—This second-crop potato, is, of course, immature 
when growth is stopped by frost. It is an old teaching that the use 
of immature seed is inadvisable. That able authority, Mr. E. 8. Car- 
man, has said: “All analogies point to the conclusions that immature 
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tubers as well as immature cuttings of any kind, will produce com- 
paratively feeble plants. This is well exemplified by the weakened 
constitution of grape-vines grown from green wood.’ JI am not in 
a position to affirm that continued use of immature seed will not di- 
minish virility in the long run, and I have observed in New Jersey 
that the growers prefer Maine-grown stock for the first crop, from 
which seed is gotten for the mid-summer planting of the second crop. 
But it is an established fact that immature seed is desirable for a 
single planting. It does not evidence any lack in virility, and gives 
a better plant than matured seed as usually kept in our warm lati- 
tudes, because it has not lost by sprouting. The material in the cells 
that feed the eyes has not been broken down ready for starting a 
sprout before the desired time for use. So true is this that many 
northern growers of early-planted potatoes are learning to plant a 
strip very late so that the crop will hardly mature by frost, and to 
use this crop for the next season’s planting. 

Sprouted Seed.—Too much cannot be said against the use of badly 
sprouted seed potatoes. The material in the cells at the eyes gives a 
stronger bud than a second supply of material can give when the 
first bud is removed. The potato should be kept so cool that no 
buds will start until wanted. The keeping of seed will be discussed 
under another head. In the event that sprouts do start too early, 
they should be removed, and the seed should be budded in the light 
before planting. There is distinct loss when seed is permitted to 
waste by sprouting in bulk. 

The Cutting.—There has been conflict in the teaching regarding 
the size to which the seed piece should be cut. Careful study of the 
results obtained at Experiment Stations and upon farms of commer- 
cial growers will show that results under like conditions do not 
conflict, and that a safe rule may be gotten for our guidance. For 
soils of average fertility and state of tilth, the larger the seed piece, 
the more vigorous the young plants, and the fewer the plants, the 
larger the tubers produced. It has been quite definitely demon- 
strated that a greater yield in case of most varieties can be gotten 
from a whole large potato used in planting a hill than from any less 
quantity of seed, but the increase may not be gotten with profit on 
account of the cost of the seed and the average size of the tubers 
grown. With most varieties the whole tuber will give more plants 
in the hill, and more setts, than is desirable. The proportion of 
small potatoes in the crop is made unduly large. The vigor of the 
vines may carry a sufficient number of the tubers to merchantable 
size to make the-marketable crop equal to, or in excess of, the yield 
from a smaller amount of seed, but this is rarely done with profit. 
The concensus of the best opinions of experimenters is that whole, 
large tubers should not be used in planting. 
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The other extreme has been the planting of pieces cut to a single 
eye. Good results have been obtained from such planting. Revert- 
ing to our rule laid down, the number of plants in the hill is kept 
small, favoring quality in the product of the hill. But for the single. 
eye cutting, when quite small, we must have the same soil condi- 
tions that we have found to give a good yield from seed of somewhat 
impaired vigor—one that is very rich in available plant food and that 
is in a fine state of cultivation. The small cutting does not contain 
much material for forcing growth, and the plant is quickly dependent 
upon the soil. If conditions are not highly favorable to the plant, 
there will be a smaller yield than would be gotten from more liberal 
seeding. The advantages are, reduced setting, which ordinarly is 
too free when plants are numerous, and reduced cost of seeding. 
There have been so many grievous disappointments from the use 
of single-eye cuttings in soil unfitted for such seeding that I recom- 
mend such only to the grower providing garden conditions, and even 
then only in case of certain varieties whose great fault is free setting 
of tubers. 

The Middle Ground.—Basing the conclusion upon many years per- 
sonal experience and upon the experience of many at Stations and 
upon farms, the safe course for the average grower of potatoes, 
planted in the spring, is to use a seed piece of good size, such as will 
ordinarily contain two strong buds. I regard the size of the seed 
piece rather than the number of eyes. If there be sufficient nourish- 
ment, a single eye, being a compound bud, may send out two sprouts: 
if there be three eyes on the seed piece and insufficient nourishment 
for three sprouts, it is very often the case that only two will be sent 
to the surface of the ground. A piece of potato of this size does not 
dry out as quickly as a smaller one, pushes growth more surely, and 
is not unduly expensive. 

As has been said, much depends upon the variety and its habit of 
setting, and even more depends upon the tilth and strength of the 
soil. Good judgment is a decided acquisition in potato-growing, com- 
ing into profitable use at every step. Our endeavor only is to indi- 
cate the nature of the plant we grow, and the probabilities, based 
upon average conditions. As conditions vary, there must be varia- 
tion in method to meet them. 

Machines for cutting are used with satisfaction by many growers. 
My individual preference for the hand-knife is due to the greater 
degree of carefulness that can be exercised when cutting by hand. 
Bad tubers are more surely discovered, and there is adjustment of 
size according to position of the buds so that no piece is left without 
a bud. 

Much has been written about the cells that lead to the buds, and 
the advisability of cutting each piece in such a way that the branch 
cells from the central one are not disturbed. This is done by hold- 
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ing the tuber in such position that the butt end is down, and start- 
ing the blade slightly above the eye and cutting downward toward 
the center and butt end. The eyes of the potato are terminal buds of 
unseen “branches,” and the aim of this method of cutting is to divide 
the potato without cutting a “branch” off near its bud. For single 
eye-cutting, the system works well with most varieties, and fairly 
well when cuttings are larger. There is no clear demonstration that 
vield is favorably affected. Probably as good a rule is to seek com- 
pactness in form of the seed piece. 

Impotent Eyes.—In some varieties there is a tendency to form 
dormant eyes near the butt end, and this inclination is greater some 
seasons than others. The eyes nearest the butt end start more 
slowly than those near the tip end usually, and in many varieties the 
most vigorous sprouts are well confined to the two-thirds of the 
tuber having the tip end. In such cases regard should be paid to 
this fact in cutting, preferring that an eye from the middle of the 
tuber be joined with one near the butt end rather than that the piece 
be so shaped that it contain eyes from butt end alone. Where a 
tuber affords only four pieces, the old-fashioned method of quarter- 
ing through the tip end is as good as any, if not better; but for large, 
long tubers I prefer clipping pieces off the butt end, if eyes are all 
right, until a size for four pieces is left, when it is quartered. 

Clipping the Tip.—It is a common experiment with growers to clip 
the tip end off “seconds,” the thought being that the eyes there are 
too numerous for proper nourishment of the sprouts. But Station . 
experiments do not justify such cutting, showing no increase in yield. 
These eyes are often the earliest ones. It is very often the case that 
only one or two of them sends a sprout above ground, appropriating 
the strength of the seed piece. I prefer any eye that has been pro- 
duced near this end of the potato to one produced equally near the 
other end. It is more sure to give a good account of itself. 

Budding in Light.—The practice of starting the buds, or eyes, in 
the light before planting was introduced to secure earliness of crop 
for market or home use. Having had no extensive experience with 
this method, I quote the following description given in Bulletin 36 
of the Rhode Island Station: 

“The most desirable seed tubers for budding are those about the 
size of hen’s eggs, sound and not mutilated in digging. They may 
be reserved for the purpose when digging the previous crop, 
and if allowed to become ‘greened’ by exposure to sunlight so 
much the better, or they may be selected from the bin at any 
time. During stormy daysor at any convenient time during 
the winter these seed tubers can be placed in the trays and 
then stacked up anywhere in the cellar secure from rats and frost 
until wanted. The tray to be filled is placed upon a table or bench 
and one end elevated about a foot by placing a box or measure under 
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it. Then beginning at the lower side the potatoes selected as above 
are packed into the rack stem end dowu as closely as possible one 
layer deep. Tubers cut or pierced by the tines of a potato digger 
or fork should not be used, as they are likely to produce sickly or 
inferior buds. 

“About six or eight weeks before planting time the rack should be 
placed in a warm and light place where there is no danger of frost 
or damage from rats or mice, and the trays placed in the rack. If 
the temperature is moderate—sixty degrees to seventy-five degrees— 
and a fair amount of light reaches all parts of each tray no further 
attention is necessary; they do not require watering. After a few 
days tiny white points will be seen at the ‘eyes’ of the tubers, and a 
few days later it will be noticed that one and often two buds on 
each tuber will have made more growth than the others. These 
buds are far different from the white, watery ‘sprouts’ of potatoes 
kept in a dark cellar. They are thick, firm and tough. If condi- 
tions are right, at the end of six weeks they will be from half an inch 
to an inch in length, and one-fourth to three-eighths of an inch in 
diameter, with many rudimentary roots at the base waiting for the 
moment when contact with mother earth shall enable them to burst 
forth and go about their work of gathering plant food. ‘At the top 
of the bud are tiny rudimentary leaves also waiting to do their ap- 
pointed work as soon as opportunity is offered. It is well to look at 
the trays each day, as, if the rack stands against a wall, it may be 
found that the buds at the back side of some of the trays where there 
is insufficient light have a tendency to grow long and white. In that 
case move the rack out from the wall and change the trays about so 
as to reverse their position. In such a case more light is what is re- 
quired. If the buds are not developing rapidly enough give more 
heat, and if growing too fast or storms and frosts prolong the plant- 
ing season beyond the usual time, give less or no heat and plenty of 
light. When budded ready for planting, they may be held without 
injury for days or even weeks by keeping the racks in a cool, light 
place. 

“The preparation of the soil does not differ from the course usually 
followed in growing early potatoes. It should be deeply plowed, 
made mellow and filled with soluble plant food. For marking out 
the field, a small plow or some implement making an open furrow 
about six inches deep should be used. Some fertilizer should be 
thoroughly mixed with the soil at the bottom of the furrow which 
process will fill it up one or two inches. We are now ready to put 
in the tubers. The trays should be taken from the rack and car- 
ried to the field in a spring wagon so as not to break the buds by 
rough jolting. At the field the most convenient way is to place a 
rack on a wheel-barrow and run it along between the rows. Two 
persons can work together at setting the tubers, one on each side 
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of the barrow. Each should be provided with a thin-bladed knife 
and when a tuber has two good buds it is divided as equally as pos- 
sible without injury to the buds and the pieces immediately and care- 
fully placed in the bottom of the furrow, the buds pointing upward. 
When there is only a single well-developed bud the tuber is planted 
whole. Earth to cover them is drawn into the furrow with a hand- 
hoe.” 

Modified Method of Budding.—The description quoted is given on 
account of its value to the grower of extra early potatoes, and es- 
pecially for the reason that a modification of this method hasi value 
for all growers. While earliness of maturity is sought by those 
using trays for budding, there is a big gain in the vigor of the plants. 
Not only is the time between planting and harvesting shortened, but 
yields are increased as a result of increased vigor of the vines. This 
makes the matter of budding interesting to all growers. It is not 
feasible to expose all seed to the light in trays and then to plant by 
hand, but we have learned that seed may be spread over the floors 
of barns, sheds, etc., for ten days or more before planting with good 
results. It is important that the tubers be spread very thin—one- 
deep is best—and that light be admitted freely. The buds push 
quickly and are thick and vigorous. The air makes the sprouts tough 
so that they do not break off in planting, and any bad seed can be 
thrown out. Such method is becoming common in sections practic- 
ing very late planting. The seed can be kept for weeks in late spring 
without injury when exposed to sunlight. If placed in a dark room, 
or if not turned occasionally, the sprouts grow white, tender and 
long, and break off when handled in planting. The secret of success 
in budding is to keep the potato in so much light that the sprout will 
not push out toward it, but will rest in it developing thickness and 
fitting itself for strong growth when the undeveloped roots at its 
base are given soil and moisture. This plan is suited to the needs 
of the late or June-planted crop. There is yet another modification of 
the system of budding that is adapted to the needs of the farmer 
who plants his crop in early spring, and it will be described under 
the head of “planting.” 

Varieties.—A glance at the results of variety tests at the various 
Stations impresses the truth that financial success or failure in po- 
tato-growing may be determined by the choice of variety. Growing 
under even conditions, one variety gives less than one-half the num- 
ber of bushels per acre yielded by another variety. The soil may be 
right, the culture good and the seed in first class condition, but if 
the variety is not right, the yield will be relatively small. The va- 
rieties of potatoes are numbered by the hundreds in this country 
alone. Many of them never had sufficient value to justify their in- 
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troduction, while some have peculiar fitness for the climatic and soil 
conditions of limited areas and are valueless outside of those sec- 
tions. There remain a few score of varieties that were decided ac- 
quisition, when put upon the market, and of these few score it is the 
individual grower’s business to select the one or ones most valuable 
to him. 

How they Originate-——Most new yarieties are seedlings, though a 
few of our valuable ones are “sports” from old varieties, their char- 
acteristics having been fixed by careful selection. Seedlings are 
fairly easy to produce, but probably not one variety out of ten thou- 
sand secured proves actually to be worthy of introduction. The true 
seed of the potato is in the seed ball. The ball is dried, the seed is 
removed, and should be planted in early spring in pots. Transplant- 
ing in the earth is done when the weather becomes warm, and these 
plants produce tubers of many shapes and colers. Selection of the 
most promising ones is made, and each one should be planted by it- 
self. If the crop from any one again gives promise of value, it is 
made the basis of a new variety whose characteristics are fixed by 
selection of tubers true to the type. Years are required to fix char- 
acteristics, and finally, when tested by the side of an old variety, it 
may prove inferior. It has cost time and money, and the tempta- 
tion is to push it upon the market with extravagant claims of merit. 
These facts are not given for the discouragement of beginners in the 
work of developing new varieties. Within bounds it is a labor to 
be commended to the grower who has a little leisure and some taste 
for such work. There is always the chance of bringing into exist- 
ence something of decided value that not only will add substan- 
tially to the wealth of the country, but also will make a good cash re- 
turn to the introducer. It isa safe guess that varieties will be found 
in the future whose merit will exceed anything we have, and the men 
who produce them will serve the people as well as themselves indi- 
vidually. But the chances of failure are mentioned that we may be 
slow to invest in every novelty that is placed before the public. New 
varieties that are decided acquisitions, possessing a merit in higher 
degree than any other, are added very slowly to the list of safe va 
rieties for planting. 

How to Test.—There is a very general disposition on the part of 
farmers to give an extra chance to a new and costly variety they pur- 
pose testing. If the purpose is to find something of extra merit to 
take the place of a variety in use, the place to test is in the field under 
field conditions. If it cannot show superiority in a row side by side 
with the variety that is furnishing the income from the crop, it is 
a poor investment. It should have the same tillage, fertilization 
and, shall I say negiect, that are given to the general crop. If it then 
show superiority, it is worthy of another trial to indicate its action 
under other seasonal conditions. Rigid tests are the only ones 


N». 6 DEPARTMENT OF AGRICULTURE. 707 


worthy of practical men who propose to use the results in deciding 
whether their chance of net profit from commercial potato-growing 
shall be placed in the keeping of a new variety or left to rest upon 
old varieties. The seed-grower has a different view-point. He is 
catering to the public demand, and when he believes that a new va- 
riety of potatoes is to receive a lot of booming from its introducer, 
it is his business to secure the most bushels possible from his limited 
and costly stock of seed in order that he may supply the calls upon 
him for this variety. It is given the best ground available, and no 
pains are spared. 

Selecting Variety.——The grower should know his market and be 
governed in selection of varieties accordingly. City markets differ 
in their requirements. One will demand a long, white potato, and 
the demand is traceable to its liking for some old variety of that type 
which quite possibly has ceased to be produced. More productive, 
and usually less palatable, varieties of similar form have taken its 
place, and are sold by dealers under the old, well known name that is 
used by most consumers when ordering. Another city market de- 
mands a round potato for like reason. It does not pay a grower to 
try to educate a city market, and he does well to plant a variety of 
the general type in demand. In smaller markets the grower who dis- 
poses of his crop from his wagon, and has a regular custom, can in- 
troduce a new type of potato of superior merit with profit. Condi- 
tions determine what should be planted, and money has been lost by 
failure to study market requirements. Color is even more import- 
ant than shape. It is a waste of time to attempt to convince a city 
market of the choice quality of a blue potato, however meritorious, 
when the people are accustomed to the sight of white or slightly pink 
varieties. 

Limiting Demand.—The amount of potatoes consumed by the 
people is limited by the quality. Unfortunately many of the most 
prolific varieties are not high in table quality, and some of the most 
productive potato soils give tubers of poor flavor. The grower is 
mindful of net profit for the season, and plants the variety that 
promises the greatest return per acre. For this he is not to be con- 
demned, but it results that millions of bushels of potatoes go on the 
market every season, limiting demand by reason of their poor edible 
quality. The consumer cannot discriminate when buying, and those 
who are unforunate in selection do not consume the amount they 
otherwise would use. 

Some varieties are good keepers, and improve in quality as spring 
approaches. On the other hand, some of the choicest varieties de- 
teriorate in quality rapidly by spring. Soils affect quality, and a 
“soggy” variety in one soil may be of high quality in another. Twen- 
ty-five years ago the Peerless was a watery potato with us, and yet 
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it was grown by the tens of thousands of bushels in our valley be- 
cause it was the one variety most salable in our market—New Or- 
leans—which was a depot for shipment of seed potatoes to the Gulf 
planters. The crop grown from the Peerless in the south suited the 
market, and our business was to supply the potatoes for planting, and 
to grow the variety wanted, adding a quarter of an acre of a more 
palatable variety for home use. There is a limited demand for a 
soggy potato from restaurants and hotels who want it for slicing. 
But a dry potato, bursting its jacket when boiled, and having a high 
flavor, is the one that helps to increase the popular demand for this 
vegetable. 

Effect of Soil and Season.—Just as the prolificacy of a variety 
cannot be determined by a single test, so is a single season’s test of 
table quality indecisive. Varieties vary with the season and soil. 
The highest quality in any variety is gotten in a year of rapid and 
constant growth. A check to growth from drouth, followed by re- 
newed growth, usually causes a part of the tuber to develop while 
the remainder continues to harden its skin and mature. The new 
material is deposited in the tip end, destroying the typical propor- 
tions of the variety, or is formed into knobs and prongs that are 
unsightly. If the season of new growth is prolonged, the old ma- 
terial in the tuber becomes soggy and strong. Some varieties stand 
drouth much better than others, waiting for the rains, and remaining 
smooth when new growth is added. 

The soil affects quality most materially. Heavy, wet land can not 
give us a good eating potato. We have in this country some acid 
soils that are full of vegetable matter, and produce immense crops 
of potatoes whose skin is exceptionally smooth and clear of disease 
as a result of the acidity, and yet whose table quality is very poor. 
For home use and for a discriminating market, a loose, well-drained 
soil, well-filled with humus for the retention of moisture, will give 
good quality. 

Disposition to Form Setts.—In my own experience a serious fault 
of many varieties is the habit of too free setting. The grower too 
frequently is inclined to regard the number of potatoes in a hill 
rather than the size. The market demands good size, and a rather 
big percentage of buyers are influenced in their choice by this 
quality. Only in exceptional cases are the largest tubers the most 
desirable. They cannot be cooked whole as perfectly as smaller 
ones, and often they are hollow or hard in the center. The best flavor 
of a potato is gotten only when it is cooked in its jacket, without a 
break of the skin, and when so prepared, baked or boiled, the potato 
of moderate size is most convenient. But the buyer does not recog- 
nize these facts, and size is the big consideration in most markets. 
Size is determined largely by the number of setts, and that is con- 
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trolled very gieatly by the habit of the variety. We exercise some 
control through the number of eyes ‘eft on a seed piece, but even 
when we cut to a single eye the necessary closeness of the hills may 
give too many setts, and the small cutting is quite apt to give a vine 
lacking vitality to bring to full size all the setts it may make. Some 
varieties are faulty to a marked degree in this respect. Others may 
set too scantily. But there should be insistance upon the point that 
we usually have too many tubers in the hill. A little calculation 
will make this clear. Where we have ten thousand hills in drilled 
rows on an acre, and have in each hill three tubers averaging two- 
thirds of a pound each, we have a yield of 333 bushels per acre. 
In reply, the usual remark of the grower is that many hills will not 
have any marketable potatoes, and other hills must be large to make 
the average fair. If this is so ,the fault lies not with the thrifty 
hills, but with the failures, and it is our business to make ninety- 
five hills out of every hundred do their full share. I should have 
liked to say “every hill,’ but while this is entirely feasible in limited 
plantings, I do not, in my own experience, find it safe to expect a 
solid stand of thrifty plants, no matter how much reasonable care 
is exercised. With some lots of seed, and especially with budded 
seed, this may be approached so nearly that it is practically perfect, 
but in the usual field plantings we use some seed pieces that do not 
grow at all or fail for some reason to make a crop. However, it is 
only a fair expectation that ninety-five hills out of one hundred will 
make a fair yield when we use all reasonable precautions as to soil. 
seed, planting and tillage. With a full stand of plants, the number 
of setts made by a single vine should be small, and a highly desirable 
quality in a variety is a disinclination to set as freely as seedsmen 
give assurance that it will do. A point of superiority in the 
second-crop seed of the south is its failure to set as abundantly as 
ripened northern potatoes. It can push to good size all the tubers 
it forms, if soil and season favor, and the good yields obtained are 
due to the good size of the tubers rather than to an abnormal num- 
ber of undersized potatoes. 

Resistant Varieties—In the selection of varieties resistance 
against effects of drouth, disease and insects, is one of the important 
considerations. A potato may be prolitic and of high quality when 
the season is entirely favorable, and yet be one of the most worth- 
less of varieties in an unfavorable season. The variation in resist- 
ance to drouth and to disease is marked. As soils grow older, drouth 
affects them more quickly, and as potatoes continue a leading crop 
of a locality, diseases become established. In selecting a variety for 
main crop I want to know that it will do relatively well in a bad 
Season. In years of abundance the potato-grower finds prices too 
low for much profit, and he learns to depend upon other years for 
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his best income. A good half-crop in a year of general failure means 
more net income than a full crop when prices are dragging badly. 
I have grown potatoes that yielded well in a good year but failed 
miserably in a bad year because the variety could not stand any hot, 
dry weather, or because it was peculiarly subject to the blight. 

We have, to-day, a large number of varieties whose habit of growth 
is as similar to, and whose characteristics are known to the public 
as widely in, the Carman potatoes, probably, as in any varieties I 
might name. This Carman type has a foliage that resists disease 
well, and the varieties stand drouth better than many others. The 
branches of the vine are late in making their heaviest growth, and it 
may be for this reason that early blight does not attack them readily. 
So far as my observation and experience go, we have nothing better 
for our hot seasons and drouthy lands than the varieties whose habit 
of growth cause them to be classed together as a type to which I 
venture to give the name of Carman because the Carman No. 3 is a 
well known representative of the class. 

Ohio Station Variety Tests.—No other Experiment Station makes 
as complete variety tests of the potato as does the Ohio Station. 
The work is in charge of Professor W. J. Green, whose high rank as 
a horticulturist and whose conservatism and safeness in estimating 
value are widely known. In Bulletin 133, he publishes some notes on 
varieties that are descriptive, and will prove most helpful to growers 
in making selections for trial. His results in bushels per acre are 
influenced by the soil and climatic conditions of the Station farm, 
and are not given here, but the characteristics of varieties noted by 
him will be found fairly correct for most sections of the country. 
For this reason space is devoted to them, selecting only those va- 
rieties that have had a test of three or more years at the Station. 


“Notes on Varieties, Bulletin 133, Ohio Station.—The following 
notes on varieties are rather more descriptive than usual, for the 
reason that such descriptions will tend to help those who are about 
to make selections for special purposes: 

In selecting a variety, one must first fix in mind an ideal of that 
which is needed for his particular purpose, whether for the table or 
for market, and often for a special market, which may require a po- 
tato of a particular shape or color. With this ideal in mind he can 
be much more definite in his search for the desired variety. 

In these descriptions, particular characteristics are given as far as 
we have been able to give them, and attention is called in many 
cases to resemblance to other varieties. So far as adaptability of 
varieties to certain soils is concerned, not much help can be given, 
any further than to state that the soil on the Station farm is made 
up of considerable quantities of silt, mixed with clay, and is usually 
described as a clay loam. It is moderately fertile and has not been 
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highly enriched. It is better adapted to wheat and potatoes than 
to corn. The potato crop seldom fails on this soil, but large yields 
are not often secured. 

The depth at which potatoes grow is influenced largely by the 
method of cultivation; thus the notes on this point would not hold 
true under a method differing materially from that used at the Sta- 
tion, which is practically level culture. 

The notes given on tendency to sprout and keeping qualities of the 
various varieties have been made from rather limited observation, 
and some of them may have to be modified after further experience: 


Acme.—Plants medium size, sixteen to twenty inches tall; some- 
what spreading, more so than Early Ohio or Early Trumbull; me- 
dium to large leaflets, healthy; blights but little. 

Tubers medium size; resembling Early Ohio in form and color, al- 
though not a uniform. The most noticeable difference in appearance 
between the Acme and Early Ohio is in the eyes, the eyes of the Acme 
being more deeply set than those of the Early Ohio; skin quite 
smooth; tubers grow medium depth and close together; yields about 
the same as the Early Ohio and ripens at about the same time. Does 
not sprout easily and is a good keeper. 

Banner.—Plants twenty to twenty-five inches tall; slender stems, 
purple at base, thin foliage, dark color. 

Tubers resemble Carman No, 3; potatoes grow medium in depth 
and quite close together. In 1899 yielded very heavily, in 1900 yield- 
ed well, in 1901, was not grown at the Station. 

Bovee.—Plants twenty to twenty-four inches tall; a strong grower; 
jarge stalks, three to five in number; somewhat spreading; leaflets 
large, thick foliage; not much inclined to blight. 

Tubers medium size; medium length; cylindrical; color white with 
pink markings; eyes medium size and depth. Not quite as early as 
Early Trumbull, Acme or Early Ohio. <A prolific and profitable va- 
riety. Does not sprout badly and is a good keeper. 

Carman No. 3.—Plants twenty-two to twenty-three inches tall; 
upright; branches grow upright and slender; foliage medium dark 
color; vigorous. 

Tubers medium to large; short; slightly flattened; often tapering 
toward stem end; color white, not quite as clear as Rural New Yorker 
No. 2; skin smooth; eyes few and shallow; tubers grow medium in 
depth and close together. A good market variety, but not of the best 
quality. Small and unmarketable tubers very few. Some varieties 
give a greater total yield per acre, but few excel it in marketable 
product. A medium late potato. Sprouts quite easily; is a fairly 
good keeper, but not as good as some varieties. 

Commercial—Plants twenty-two to twenty-six inches tall; a 
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strong grower of upright tendency; thick heavy stems; very thrifty 
appearance; peculiar growth, branching out like a tree. 

Tubers medium to large, very few, too small for market; form 
somewhat irregular; medium length; tapering toward stem end; 
flattened; color, light pink, nearly white; surface irregular; deeply 
indented at places, usually at eyes; would waste considerably in par- 
ing; skin somewhat rough; eyes small and medium to shallow, ex- 
cept where indented. Potatoes grow scattering in hill and medium 
depth. Quite prolific, but too large a per cent. off shape. Does not 
sprout easily. A good keeper. 

Dewey.—Plants twenty to twenty-five inches tall; upright, tall 
slender stems, purple at base; foliage resembles Carman No. 3 in 
manner of growth but is a shade lighter in color. Not very much 
inclined to blight. 

Tubers medium to large; form quite regular; short; somewhat flat- 
tened; usually tapering toward stem end; resembles Carman No. 3 
in form, a little more regular perhaps; color clear white, about the 
same as Rural New Yorker No. 2; skin very smooth and clean; eyes 
few; rather large, shallow. Potatoes grow close together and me- 
dium in depth. Does not sprout quite as easily and seems to be a 
little better keeper than Carman No. 3. Ripens with Carman No. 3. 

Early Dawn.—Plants sixteen to twenty inches tall; slender stems; 
large leaflets; foliage medium; dark color. 

Tubers medium size; medium length; cylindrical; resembling Early 
Rose somewhat in form; color pink, about the same as Early Ohio; 
skin smooth; eyes quite large, medium depth. Potatoes grow me- 
dium in depth and close together. Does not yield as well as most 
early varieties. Does not sprout quickly and seems to be one of the 
best keepers of the early varieties. 

Karly Harvest.—Plants eighteen to twenty-two inches tall; up- 
right, spreading; a strong grower; medium sized stems; medium 
dark color. Not very subject to blight. 

Tubers medium size; 12 per cent. too small for market in crop of 
1901; medium te long, slightly flattened; color white; skin smooth; 
eyes quite large, medium depth. A clean looking potato. One of 
the best early white sorts that has been given a long trial at the Sta- 
tion. Sprouts quite quickly but remains firm even after having 
sprouted somewhat. 

Eariy Michigan.—Plants eighteen to twenty-two inches tall; 
spreading; large leaflets; dark colored foliage; stems medium size. 

Tubers medium to large; medium length; flattened; oval; color 
white; skin quite smooth; russeted somewhat, giving a brownish 
appearance; eyes small, shallow; a good many small potatoes in 
1901; 15 per cent. unmarketable. Does not run as large nor as even 
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as some; quality good. Total yield about the same as Early Har- 
vest. Sprouts quite quickly but keeps fairly well. 

Early Ohio.—Plants twenty to twenty-four inches tall; an upright, 
spreading grower; large stems, medium sized leaflets. 

Tubers medium size; medium, rather short, cylindrical, run quite 
even; color pink; skin quite smooth but not as smooth as Early 
Fortune or Early Norwood; eyes medium size, quite shallow, rather 
conspicuous. Potatoes grow quite close together and medium in 
depth. This is still the standard early variety. Does not sprout 
quickly and keeps as well as any early variety. 

Early Thoroughbred.—Plants twenty-two to twenty-six inches tall; 
spreading, covering a good deal of ground; medium sized leaflets, 
dark color; not much inclined to blight. 

Tubers medium size; form variable, quite long, some taper toward 
one end and some toward the other and some toward both ends, flat- 
tened; color dark pink, much like Early Norwood; skin inclined to be 
rough over a part of the surface; eyes medium size, shallow. <A good 
early variety. Possibly an improvement upon Early Rose. Sprouts 
quite quickly. <A fairly good keeper. 

Early Trumbull.—Plants eighteen to twenty-two inches tall; quite 
spreading vines, thrifty; foliage thick, medium dark color. 

Tubers medium to large; form variable, some medium length, some 
quite short; slightly flattened, a little irregular; color white; skin 
usually smooth, sometimes roughened; eyes small, shallow, incon- 
spicuous. Has proven to be one of the best early sorts tested here, 
vielding ahead cf most early varieties. Sprouts quite quickly. Keeps 
about the same as Early Thoroughbred. 

Early White Ohio.—Plants sixteen to twenty-two inches tall; a 
medium sized grower, with upright tendency; does not spread much; 
slender stem; medium to large leaflets; foliage medium density; light 
color. 

Tubers medium to large; medium length; some quite short, slightly 
flattened; a little irregular; color white; skin inclined to be rough 
over about half of the surface; eyes medium size, shallow. Appears 
not to be very prolific. Sprouts quite quickly. Keeps fairly well 
but not as well as most other Ohio sorts. 

Enormous.—Plants twenty to twenty-two inches tall; rather tall, 
spreading variety; large stems; large leaflets; foliage medium in 
density; light in color. 

Tubers large to very large; rather long; slightly flattened; often 
irregular; color white; skin inclined to be rough on many specimens; 
eyes variable in depth, but mostly shallow and inconspicuous. A 
heavy yielder and a good market variety but of rather poor quality. 
This variety has not given satisfactory yields generally, but has near- 
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ly always done well at the Station. A medium late variety. Sprouts 
quite quickly but not very badly. A good keeper. 

Extra Early Pioneer.—Plants sixteen to twenty-two inches tall; a 
strong growing, rather large plant; medium sized stems and leaflets; 
very little tendency to blight. 

Tubers medium to large, few too small for market; mostly long, 
slightly flattened, some oval, tapering toward stem end; color pink, 
lighter than Early Ohio, about the same as Baker’s Extra Early; 
skin inclined to be rough on some, usually smooth; eyes medium to 
large, shallow. Gives about an average yield for an early sort. 
Sprouts quickly. 

Gem of Aroostook.—Plants twenty to twenty-four inches tall; 
thick stems, upright, somewhat spreading; medium dark colored, 
thick foliage; blights some but not badly. 

Tubers medium to large; medium length; flattened; color white; 
skin very smooth; eyes numerous, medium size, shallow. Appears 
to be promising as a midseason variety. Does not sprout very badly. 
Apparently a good keeper. 

Green Bay Triumph.—Plants twenty to twenty-four inches tall; a 
medium tall, spreading grower, with large stalks and leaflets; foliage 
light color; quite inclined to blight. 

Tubers small to medium; very short, length often less than diam- 
eter; roundish, usually slightly flattened; color yellowish white with 
pink tint to eyes; skin fairly smooth; eyes medium size, shallow. 
Yields about the same as Early Ohio. Does not sprout badly. A 
good keeper. 

Irish Queen.—Plants eighteen to twenty-two inches tall; a strong, 
compact grower, not very spreading, upright, large leaflets, thrifty. 

Tubers medium size, short, a little irregular, some oval, some 
rounded, mostly flattened; color white, about the same as Rural New 
Yorker No. 2, except a slight pink tint about the eyes; skin quite 
smooth; eyes small, shallow, inconspicuous. Potatoes grow shal- 
low and close together. Nota heavy yielder. Sprouts quickly, and 
is inclined to shrivel; not a very good keeper. 

Joseph.—Plants twenty to twenty-four inches tall; spreading; 
stems thick; dense foliage; very little tendency to blight. 

Tubers medium size; 20 per cent. too small for market in crop of 
1901; medium to long, flattened, oval; color light pink, about the 
same as Extra Early Pioneer; skin quite smooth; eyes small, mostly 
shallow, some medium depth. Potatoes grow medium depth and 
close. A fairly good but not heavy yielder. Sprouts quickly and is 
not an extra good keeper. 

Lakeside Champion.—Plants twenty to twenty-four inches tall; an 
upright spreading grower, medium sized stems, slightly irregular 
in row; somewhat inclined to blight. 


No. 6. DEPARTMENT OF AGRICULTURE. 715 


Tubers medium size; medium to long, considerably flattened, taper- 
ing toward one end or the other; color white; skin a little rough; 
eyes medium size, shallow; too irregular for best appearance. 
Sprouts quite quickly. Not a very good keeper. 

Livingston.—Plants eighteen to twenty-four inches tall; a tall, 
upright, spreading grower, very vigorous, thick stems; not inclined 
to blight. 

Tubers medium to large; medium to long, uniform size nearly en- 
tire length, sometimes tapering; slightly flattened; color white, pink 
eyes, discolors quickly and badly on short exposure to light; skin 
sometimes slightly russeted; eyes small and shallow. A good yield- 
er and cooker. Does not sprout quickly. Is very firm and a good 
keeper. 

Pat’s Choice.—Plants twenty to twenty-four inches tall; upright, 
spreading, very even in row; slender stems, medium thick foliage, 
thrifty; not inclined to blight. 

Tubers medium to large; medium to long, slightly flattened, some 
taper toward stem end; color pink, eyes decidedly pink; skin usually 
smooth, some specimens quite rough; eyes few, small, shallow. <A 
good potato, shapely, fine appearance, and of good quality. Yields 
about the same as Sir Walter Raleigh. Does not sprout quickly 
and is a good keeper. 

Pingree.—Plants eighteen to twenty-two inches tall; upright, 
somewhat spreading, very even in row, thrifty, thick stems; not very 
susceptible to blight. 

Tubers medium to large; medium to long, slightly flattened, of uni- 
form diameter nearly the entire length; color white, about the same 
as Rural New Yorker No. 2; skin smooth; eyes medium size and me- 
dium depth. Potatoes grow shallow and quite close together. 
Yields about the same as Pat’s Choice. Sprouts quickly but remains 
quite firm and is a fairly good keeper. 

Sir Walter Raleigh—Plants twenty-two to twenty-six inches 
tall; a tall, upright, spreading vine; large stalks, slender upright 
branches, resembling Carman No. 3 in manner of growth. Not much 
inclined to blight. 

Tubers medium to large; short, thick, slightly flattened, tendency 
to oval, resembling Carman No. 8 very much in form; color white, 
but not as clear as Rural New Yorker No. 2; skin smooth, clean; 
eyes few, small; usually very shallow and inconspicuous. A good 
market sort. Sprouts quite quickly; keeps about the same as Car- 
man No. 3. 

State of Wisconsin——Plants twenty to twenty-six inches tall; up- 
right, dark colored leaflets, several small hills; but inclined to blight 
much, 


Tubers medium to large; very short, some somewhat flattened, 
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mostly not flattened, some quite oval; color clear white, same as 
Rural New Yorker No. 2; skin very smooth and clean; eyes few, 
small, shallow, inconspicuous. A very clean looking potato. Not 
a very good yielder. Does not sprout badly. Has fairly good keep- 
ing qualities. 

Suffolk Beauty—Plants twenty to twenty-four inches tall; a 
rather tall, upright, spreading grower; large stalks and branches; 
very little tendency to blight. 

Tubers medium to large; short to medium, thick, somewhat flat- 
tened, some quite oval; color white, although not very clearly so, 
seems to have a pinkish tint; skin quite smooth; eyes large, shallow 
to medium depth. Resembles Quick Crop somewhat. Has yielded 
about the same as Carman No. 3 at the Station. Sprouts very little. 
A good keeper. 

Triumph.—Piants eighteen to twenty-four inches tall; a rank grow- 
er, spreading, large heavy stalks; very much inclined to blight. 

Tubers medium size; short, rounded, quite regular; color deep 
pink; reddish; skin quite smooth; eyes rather deep; grows scatter- 
ing and shallow. Nota good color. Very early but of poor quality. 

Uncle Sam.—-Plants twenty to twenty-four inches tall; upright, 
somewhat spreading grower; large stalks, stands up well; not much 
inclined to blight. 

Tubers medium to large; medium to long, slightly flattened, some 
oval, some taper toward one end or the other; color white; skin 
smooth; eyes small to medium size, shallow. A fine looking potato. 
Quality, fair; a good yielder, and a good keeper. 

Vigorosa.—Plants twenty to twenty-five inches tall; upright, 
spreading, large stalks, even in row, heavy foliage; very little tend- 
ency to blight. 

Tubers medium to large; medium to long, mostly considerably 
flattened, oval, quite uniform; color white; skin quite smooth, with 
slight tendency to roughness on seed end. Tubers of good size, 
shape and appearance. Yielded as well or a little better than Sir 
Walter Raleigh the past three seasons at the Station. Sprouts quite 
quickly, a little inclined to shrivel, but a fairly good keeper. 

White Beauty.—Plants twenty to twenty-eight inches tall; up- 
right, spreading, slender stems, irregular in row; somewhat inclined 
to blight. 

Tubers medium to large; long, nearly cylindrical, slightly flat- 
tened, mostly of uniform diameter nearly entire length, some taper 
slightly; color white; skin a little rough, russeted over entire sur- 
face; eyes very small, very shallow, inconspicuous. Has yielded 
about the same as Joseph the past three seasons. Does not sprout 
very quickly, and remains very firm, apparently one of the best 
keepers. 
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White Bliss Triumph.—Plants eighteen to twenty-fuur inches tall; 
upright, not very spreading, heavy stems, not much branches, large 
leaflets, foliage thin; not much incline to blight. 

Tubers medium to large; very short and thick, diameter usually 
greater than length, very slight tendency to flatten; color white, 
very slight pink tint to eyes; eyes few, quite large, shallow; skin 
fairly smooth. Resembles Junior Pride of the south very closely. 
A fair but not heavy yielder. Does not sprout quickly. A good 
keeper. 

White Mountain.—Plants twenty-four to thirty inches tall; up- 
right, large stalks with long slender branches, regular in row, heavy 
foliage; very little tendency to blight. 

Tubers medium to large; short to medium, quite thick, some slight- 
ly flattened, others not at all, some oval, some cylindrical; color 
white; skin has a tendency to roughness around seed end; eyes 
medium size, shallow to medium depth. <A standard potato in some 
sections of the country. Has given as good or better yields than 
Carmen No. 3, at the Station. Does not sprout quickly. Is firm and 
a good keeper. 

Whiton’s White Mammoth.—Plants twenty-two to thirty inches 
tall; upright, spreading, stalks thick, foliage thick, long slender 
leaflets, regular in row; not much inclined to blight, 

Tubers medium to large; short to medium, rather thick, not very 
uniform, some taper quite decidedly, flattened; color white; skin 
quite smooth; eyes small, medium depth. A good yielder and a re- 
liable market sort. Sprouts quite quickly, but seems to be a good 
keeper.” 


To this list of varieties that have been given a three years’ test at 
the Station, I desire to add one that has received a single year’s test 
—the Early Fortune. This variety is showing yalue in sections de- 
voted to the growing of early potatoes and is one of the best of which 
I have knowledge. Professor Green’s estimate from a single year’s 
test is as follows: 

“Karly Fortune.—Plants twenty to twenty-five inches tall; upright, 
broad spreading; a strong grower. Has very little tendency to 
blight. 

“Tubers medium to large; medium length; slightly flattened, taper- 
ing toward stem end; color pink; a trifle lighter than Early Ohio; 
skin smooth; eyes medium size and depth. A clean looking potato; 
has a smoother, neater appearance than Early Ohio. One year’s 
trial indicates prolificacy. Sprouts quite quickly but keeps well.” 


In these notes of Prof. Green, the “blight” referred to by him is not 
the “late” blight, as I understand it, but the “early” blight which 
causes premature death of vines, not attended by rot. 
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PLANTING POTATOES. 

No arbitrary rules can be laid down safely for our government 
in the growing of any crop. Soil and climate are varying factors 
to be considered. But we can know the nature of the plant we 
would grow, and learn what conditions favor it, and then use those 
methods which, in our particular instance, will most nearly secure 
those conditions. We have learned that the potato likes a cool, 
moist soil, and we know that extreme heat is harmful. A corn plant 
likes heat. We learn to guage roughly the yield of corn in the 
United States by watching the range of the thermometer. There 
must be moisture for corn—moisture is the first essential in all plant 
growth—but moisture with absence of normal heat will not give us 
a good crop of corn. Great heat with normal moisture will give us 
a very big yield. Heat fills the cribs rapidly. This cereal being a 
heat-loving plant, we wait until the ground is warm before planting; 
we do not plant deeply but let the first roots feed at the surface, and 
we try to utilize the mid-summer heat for forming the ear. 

But the potato, as we have seen, does not want so great a degree 
of heat. It thrives best in the most northern States, or on moun- 
{ain ranges having the climatic conditions of more northern regions. 
lt wants the cold that corn dislikes. In the center of the corn belt 
we plant that grain after the soil warms up, and yet early enough to 
bring the earing stage in mid-summer when there is abundance of 
heat. In the latitude of best corn production we have too much mid- 
summer heat for the potato, and we learn to do one of two things: 
To plant very early and get all growth possible before August, or to 
delay planting so late that the vines will be making their best de- 
velopment of tubers in September when the nights are cool. Where 
the planting is very early, even in case of medium varieties, a fair 
yield may be gotten by the first of August. If that month should be 
unusually cool, a maximum crop is gotten, but we count upon the 
time prior to that date. When the planting is late, we do not want 
any approach to maturity of vines until the fall brings cool weather 
favoring growth of tubers. For this belt nothing can be said in 
favor of planting at a time half-way between early and late. The 
vines reach a stage of growth that makes them subject to the dis- 
eases that develop in great heat, and yet have not had time for mak- 
ing a’crop. Farther north these conditions do not prevail; the 
summers are cooler, and planting in May is as safe as earlier or later. 

Early or Late Planting.—No one can decide whether early plant- 
ing or late planting will give the best results until each is given a 
faithful trial. It isa matter of soil, climate and market conditions. 
Some localities succeed admirably with June-planted crops while 
other localities of the same latitude fail utterly. It is largely a ques- 
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tion of moisture. If land have plenty ot humus, or if it be so located 
that autumn rains may be counted upon with some certainty, there 
is much in favor of growing the crop in the cool days of fall. The 
season of cultivation is shorter, there is better control of weeds, 
early blight is less to be feared, and there are fewer insect enemies. 
As a rule, moreover, when June-planting does succeed, the yields of 
these late-planted fields exceed the yields from early planting, so 
that decreased expense in growing is attended by increased yields. 

One serious objection to late potatoes is interference with a crop 
rotation that is desirable in the belt of which I write. For thirty 
years in my own experience have I noted the advantages of a three- 
years’ rotation of potatoes, wheat and medium red clover. Potatoes 
pave the way for wheat, giving a nearly perfect seed-bed, but this 
is possible only with the early-planted crop. I do not mean early 
varieties, necessarily, but medium varieties, like the Carman, planted 
very early, which make their crop before fall, and can be harvested 
before time for firming the seed-bed for fall grain. <A late crop of 
potatoes does not get out of the way for fall seeding, and disrupts 
one of the best crop rotations known. 

There is the additional objection, and a most serious one for the 
belt of which the fortieth parallel of latitude is a central line, that 
the crop comes into the most direct competition with the northern 
potatoes that are grown under the most favorable climatic condi- 
tions and can be placed upon the market more cheaply than our more 
southern crops. I incline to think that the best money has been 
made in late years by those growers who had a ripened crop ready for 
market before frost. The autumn frosts stop the growth in the 
northern fields, and there is a rush of their product upon the market 
that nearly invariably causes a decline in price. 

The disadvantages of early planting may be great. Heavy 
spring rains are not infrequent, and cause some rotting of seed. 
They pack the soil seriously, undoing much of the work of preparing 
it for planting. Late frosts may cut the tops, and such damage can- 
not be fully repaired by the plant. The stem underground may not 
rot, but it sends out too many branches to take the place of the old 
top, and the yield is rarely, if ever, satisfactory. The potato beetles 
and the flea beetles time their arrivals to catch the early-planted 
fields at a tender stage. But in very much of the belt of country 
mentioned there are advantages that counterbalance all disadvan- 
tages. A chief one is the probability of a better supply of moisture 
in the first half of the year than in the latter half. There may be no 
more rainfall, but evaporation is less rapid. Indeed in this belt the 
area devoted to a late-planted crop is far smaller than that given 
to early planting, experience having demonstrated the danger of 
drouth in September. The time of planting is a matter to be de- 
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cided by the grower for his own soil and market—either quite early 
or quite late. He may do best to get his chief growth before Au- 
gust; he may do best to hold the crop back for the cool season after 
August. A compromise between these dates is not satisfactory in 
the ordinary season, for the reasons stated. 

Depth of Planting —Just as our knowledge of the nature of the 
potato guides us in determining the time of planting, and the cor- 
rectness of our knowledge is attested by our experience, so are we 
guided in respect to the method. ‘Much failure in the potato crop 
is due to shallow planting. It is all right to plant corn shallow— 
it wants the heat, and should root in the surface soil; but the seed 
potato should be down where the soil is cool and moist. The depth 
depends upon the soil. If it be loose and well-drained, a depth ot 
four or five inches under the level of the surface when firmed with 
the hand is not too much. If the ground is heavy and not well drain- 
cd, a less depth is better. Experience was required to convince me 
that I was not planting three inches deep when dropping by hand in 
furrows apparently five inches deep. The sides of the furrows, the 
pieces of turf that held the seed up from the furrow bottom, the ridge 
thrown over the seed—all help to deceive one concerning depth. After 
the planting, when the soil had been made level with the plank drag, 
the seed would be found not two inches below the firmed surface. 
This is a common mistake, and a serious one. It is true that a soil 
may be so heavy in texture and so wet that it is wholly unfit for the 
crop, and if it is planted the seed should be left very near the sur- 
face so that the plant roots may have air, and that the tubers may 
grow in loose soil thrown up into a ridge late in the season; but 
planting in such ground is too hazardous for the man who has a liv- 
ing to make in this world. It is better to underdrain, and thus to 
lower the level of soil water, and to make the soil loose by the addi- 
tion of organic material; then potatoes can be planted at a good 
depth with chance of a fair crop almost in any season. For heavy 
soils, no matter how well drained, three inches of depth below the 
leveled and firmed surface may be sufficient; for looser soils the 
depth should be greater. I do not mean that the covering should 
be a certain depth, but that the potato should be placed at the 
depth mentioned below the level of the surface of the land. 

The Covering —When planting in soils at all heavy, and especially 
if the planting be early so that heavy rains are probable, I esteem 
the manner of covering the seed one of the most important points to 
be observed. My conviction in this matter rests first upon the im- 
proved yields secured in my fields during the five years that I have 
been covering the seed very shallow. A few years previous to the 
adoption of the present method it was realized that the potato seed 
should be planted at a good depth, where there was moisture and a 


No. 6. DEPARTMENT OF AGRICULTURE. 721 


degree of coolness not found at the surface. Accordingly the planter 
was set to run to a depth of four inches, or thereabout, and the disks 
threw up a ridge that gave added depth for the time. This ridging 
of the soil over the row was an old-time practice of the community 
to secure control of weed growth. ‘The ridges were left about two 
weeks, and then the ground was floated level, giving fresh, clean 
soil in rows for the potatoes that would soon appear above ground. 
This method of covering has much to commend it for all loose soils, 
and probably no better one can be devised. But I found finally that 
it was all wrong for a heavy soil. Rains would follow our early 
planting, settling the soil closely about the seed pieces, excluding 
all air and light. Digging down to see what stand of plants was 
promised, I found in every wet season that the sprouts, as they left 
the eyes, were too small and weak. They would increase in size as 
they approached the surface that had been made loose with harrow 
or weeder, but no plant of that sort ever makes a full yield. It was 
seen that good depth was needed in planting, and yet the results 
were not encouraging whenever heavy rains came soon afterward. 
If the soil had been of loose texture the results would not have been 
grave, but most good potato soils are inclined to heaviness, as only 
these can withstand drouth with much success. 

The Cornell Station has done invaluable work for growers through 
the experiments conducted by Professor Roberts and Mr. L. A. Clin- 
ton. It has called wide attention to the value of tillage and of 
humus in the soil. This Station has practiced deep covering of the 
seed, throwing the ridge over the row and dragging it down before 
the plants were up to the level of the ground. Vigor of the plants 
caused the good results of the Cornell Station to puzzle me greatly 
until I visited the Station and examined the soil. It is a loose soil, 
two-fifths being rotting gravel, and the heavy covering given to seed 
would not pack. In the case of such soils there can be no particular 
objection to deep covering. The air is not excluded and strong 
sprouts can be secured. But the method is not advisable for any 
other than porous soils. 

Securing Good Buds.—Under the head of “Budding” reference was 
made to a modification of the original method that was feasible for 
the extensive planter. The plan of covering the seed deeply was as 
wrong in theory as it proved to be in practice. The bud on the seed 
piece was far from light and air when rains had sealed up the ridge of 
soil thrown over it by the disks of the planter. The result was that 
the young sprout did exactly what it does when starting in a 
dark corner of a cellar, or in the center of a pile—it stretched out 
for the light, making a spindling growth. Seed exposed to the light 
starts strong buds—there is no stretching toward the light because 
they are init. The farmer who plants early and extensively usually 
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does not have time or place for exposure of seed tv sunlight to get 
strong buds, and yet in a soil that is not very open he does wrong to 
place a heavy covering over it that will become close when rain 
saturates it. 

The natural thing to do is to plant without any delay when the 
ground permits, to put the seed into furrows sufficiently deep to per- 
mit deep rooting, and to cover so slightly that there is a degree of 
exposure to the light and air. This is easily done with a planter, 
and less satisfactorily so by hand. Ihave learned that when the soil 
has been prepared for the seed, there is no need of any opening shovel 
on the planter, the shoe doing perfect work. Neither is there need 
of any covering disks. When the soil is fine, loose and properly dry 
for work, it falls back into the furrow made by the shoe after the 
seed piece has dropped into place. Not much falls back, but not 
much is wanted. At the usual depth to which the shoe should go, 
there is loose, moist soil to surround the seed, and such a covering 
is far better than the small, dry clods that form at the surface in 
the sunshine and are dumped upon the seed by covering disks. After 
five years experience in field practice I can say safely that the method 
works most ‘perfectly when the soil has been properly fitted, and 
the outcome is an even stand of strong plants because the eyes start 
under so slight a covering that they may be said to be budded in the 
light. 

It is best to attach a small section of a log to the rear of the 
planter by a wire, making the log drag along in the furrow over the 
potatoes to perfect the covering. Some seed pieces may have been 
left uncovered, and some have more soil fallen in upon them than 
is wanted, and this log—four feet long and eight inches in diameter 
—evens it somewhat. When the planting is finished, the field is in 
furrows apparently ready for hand-planting, and the seed is under 
the bottom of these furrows just deep enough to be covered from 
sight. 

It may be thought that seed in this position would be unusually 
subject to injury by heavy rains or by drouth, but experience shows 
that it is otherwise. If a soil becomes saturated, the excess of 
moisture in the row will be held about the seed pieces for a longer 
time when a ridge of soil has been piled into the furrow than when 
it is open so that the air can dry it out. A mass of saturated soil 
over the potato will do more harm than an open furrow because 
the water will remain in it longer. I have observed closely in re- 
spect to this, and apprehend no more damage from excessive rain- 
fall on potatoes covered very shallow in deep furrows than on po- 
tatoes planted in the common way, but rather less damage. 

In drouth, this method gives good plants. A fresh-cut seed piece 
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should not be placed in contact with very dry soil. There are re- 
peated instances of failure when such fresh-cut seed has been drop- 
ped by hand in old furrows whose surface was very dry. The soi! 
becomes a sponge that absorbs the moisture from the potato. But 
when the shoe of the planter is run deep, as in this method of plant- 
ing, the potato is slipped into the moist soil, and the covering is 
from the sides of the furrow made by the shoe. It is fine soil, not 
hardened into minute clods by exposure to the air on the surface, 
and unlike the covering gathered by the disks in our rather clayey 
fields when the planter runs less deep and all the covering is given 
by the disks that gather up the surface soil. The fine and moist soil 
about the seed piece does not dry out readily because it is below 
the moisture level in the middles between the rows. If the potato 
seed were not cut, there would be no need of any moisture. The 
potato would start its buds just as readily in the absence of moisture 
as is done when seed is budded on the barn floor. After good 
sprouts have been started, and roots are put forth at the base of the 
sprouts, moisture is needed. In my own experience there has been 
one year when, on account of poor physical condition of the soil, 
I feared that the seed was too dry after the buds had started, and hay- 
ing secured the strong sprouts desired, the furrows were filled at 
once. But the method of planting that is recommended here for 
rather heavy soils can be accepted as safe in any sort of a season, and 
especially beneficial in a wet one that would close up a heavy cover- 
-ing of soil and thus exclude light and air from the seed at a time 
when it most needs it, viz., when it is putting forth its buds. 

Time of Cutting Seed.—In extensive planting the cutting of seed 
several days ahead of the planting cannot be advised, though some 
successful growers practice it. The serious objection is the danger 
of injury in case planting is delayed by the weather. Cut seed will 
heat if put in considerable bulk, and when not in bulk it is liable to 
dry out too much. By the use of potato boxes it may be kept in fair 
condition for a considerable period of time. The pieces should be 
dusted with plaster and the boxes should be tiered so that they can 
be covered with canvas to prevent the air from entering freely. In 
hot, windy weather a few hours exposure of cut seed spread on a floor 
will dry it unduly. The advantages of cutting seed considerably 
ahead of planting are the saving of time when the ground is ready 
for field work, and the decreased liability to rot in the ground if a 
rain should follow the planting closely. 

But there always is danger of a protracted wet spell during the 
planting, and the risk of losing the seed, or of having it damaged, 
when cut and unplanted, is so great that most extensive growers are 
agreed upon the plan of cutting the seed as wanted by the planter. 
A seed piece heals no more nicely anywhere than in fresh soil. The 
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one danger is that of rain before there is time for healing. In my 
own experience this is a thing to be feared. When a shower falls 
upon seed planted within two or three hours, the chances are that 
the fresh-cut surface of the seed pieces will not heal nicely, but 
will begin to slough in spots, and while there may not be missing 
hills, the plants are not as vigorous as those from undamaged seed. 
Seed cut and healed ahead of planting time can withstand the water. 
But everything considered, as a matter of fact in experience, it seems 
wisest not to cut more seed ahead of the planter than can be used 
before bad weather interrupts the work. 

In Dry Furrows.—A number of instances of a poor stand of plants 
are directly traceable to exposure of fresh cut seed in dry furrows for 
a short period before covering. When the sun is very hot and the fur- 
rowis dry,a piece of cut seed should not lie uncovered. In the old way 
of hand-dropping and covering with a plow I have left a strip of 
land uncovered during the noon hour when the furrows were dry and 
the sun was very hot, and have had a poor stand of plants on that 
strip, while the remainder of the field, with similar soil and seed, 
had good plants. Whole potatoes would have been uninjured, but 
the cut pieces were badly damaged. 

Potato Planters.—In the case of cereals, the automatic planter 
does good work because the seed varies little in size and is not in- 
jured by handling. The work of automatic potato-planters is less 
perfect for obvious reasons. The seed pieces are uneven in size, 
tender and more inclined to feed irregularly. Much has been done 
to obviate the difficulties, but I incline to think that we ask too 
much of the planter. So far, at least, no machine has been de- 
vised that will make no misses when all the work is left to it, and it is 
profitable to depend in part upon human labor. A machine can be 
so constructed that it will place the great majority of the pieces 
where they should be, but if five per cent. of the hills are missed in 
planting, the loss will be considerable. The missing hills on an 
acre of ten thousand hills would be five hundred, and if a hill repre- 
sent only one pound of potatoes, the total decrease in yield due to 
faulty machine work would be over eight bushels. Ten per cent. is 
not an unusual rate of missing among the automatic planters on the 
market. 

It is better 1o make a planter that will do all that reasonably 
may be expected of it, and have provision for aid from an extra man 
or boy carried on the planter. In this way it is possible to have 
the work done without any misses at all, except where the seed 
piece is thrown in the furrow by the motion of the planter. 

A planter does better work in some ways than can be secured from 
hand-planting. The seed is brought into a straighter line, and there 
- is greater evenness in depth. Straight rows, or rows in which the 
plants do not stand zig-zag, can be cultivated more perfectly than 
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others. When seed is dropped into the ordinary furrow, the pieces 
often fall to one side or to the other of the center, and are held up by 
little clods or other soil that has fallen back from the sides. I should 
prefer to pay one dollar an acre for use of a planter rather than to 
have the work done by hand free of charge. But the planter must 
be a good one that does not miss hills in its work. 

The man who plants five acres of potatoes a year should have the 
use of a planter. Ownership of such implements is desirable because 
then there need be no delay when the work should be done, though 
the hiring of implements may be entirely feasible in many instances. 
But in all this there is no desire to discourage the man who wants to 
plant only two or three acres a year and can not hire potato machin- 
ery. He is not greatly handicapped in his competition with larger 
growers. His small acreage can be given plenty of care, and can be 
made to yield nearly as much net profit per acre as that gotten in 
large fields by use of special machinery. The furrows opened to re- 
ceive the seed should have a chain dragged through them to push 
small clods or loose soil to either side, straightening the line ia 
which the pieces fall. The covering should be moist soil if the seed is 
fresh cut. ‘The seed should be cut with such care that all bad pieces 
are discarded. In these ways the prospect for a crop may be made 
even better on a small plat than that of a large field where there is 
constant temptation to rush the work at the expense of future re- 
sults. 

There is an old custom of putting two seed pieces into each hill. 
It has its advantage in case of the use of untrustworthy potatoes for 
planting, as there is the chance that if one piece does not send up a 
good plant, the other piece, cut probably from another tuber, may 
give a good plant, and the hill is not a total failure. But when care 
is taken to have good seed, nothing is gained by cutting fine and 
using two pieces in a hill, while there is loss from unnecessary ex- 
posure of cut surface to the soil, be it wet or dry. When a lot of seed 
is good enough to be used, there is loss and no gain from such fine 
cutting that two seed pieces are required in a hill. 

Distance Between Hills.—The width between rows is governed by 
the habit of growth of the variety. The rows should be sufficiently 
close to secure thorough shading of the surface when the vines 
have reached full growth. The shading prevents evaporation of soil 
moisture and helps to protect the stems from the burning rays of 
the sun. Thirty-six inches between rows give sufficient space for 
any variety, and for early varieties I prefer not more than thirty-two 
inches. In the drilled row the distance between hills is governed by 
the amount of seed used in the hill and by the variety planted. As- 
suming that the seed piece is a fair-sized block of potato containing 
two strong eyes, eighteen inches give good space for rank-growing 
varieties. Land may be so foul or heavy that checking is best, but in 
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case of ordinary soils, properly handled, drilling is to be preferred. 
Good tillage at the right time gives control of weeds, and the better 
distribution of the plants gotten by drilling favors the yield of crop. 

Applying Fertilizers—Theoretically all fertilizers should be dis- 
tributed throughout the soil. The plant roots go everywhere, and 
the feeders are formed chiefly near the tips of the roots. When ayail- 
able fertility is supplied close to the base of the stalk and there 
only, the plant roots do not spread as rapidly throughout their whole 
feeding ground as they should. In a loose soil that demands no deep 
tillage after the potato plants are up, the fertilizer should be broad- 
casted and worked into the ground before planting, or else applied 
with a fertilizer drill. But experience with rather heavy potato 
soils leads one to practice some row fertilization. ‘The tillage must 
be deep later in the season than is favorable to wide root growth, 
and there should be a full supply of plant food in the row. In such 
cases it may be a good plan to use the fertilizer drill as a harrow in 
preparing the seed bed, applying one-half of the fertilizer. The other 
half may be applied in the row when planting, or later if the deep fur- 
row with light covering be used. In the case of early potatoes it is 
often advisable to put all the fertilizer in the row. Planters have 
fertilizer attachments. When the planting is done by hand, and the 
fertilizer is put into the furrow before the seed is dropped, it is a 
good plan to go over the ground with a two-horse wheel cultivator 
and mix the fertilizer in the furrow. With one narrow shovel on 
each side of the cultivator, two rows may be prepared at a time. It 
will be found that a trace chain, fastened to each shovel and let drag 
behind in the furrow, will push little clods aside and assist greatly 
in securing an even depth for seed and straight rows. The seed can 
be dropped by hand in such furrows in lines nearly as straight as 
those made by a planter. 

But when the deep furrow with light covering is used, the fertilizer 
for the row may be effectively applied after the planting, and my 
individual preference is for this way. The potato needs no fer- 
tilizer for two weeks, or even longer, in the cold spring, because the 
sprout is fed by the seed piece. If there be nitrate of soda or other 
soluble carrier of costly nitrogen in the fertilizer, rains waste it. 
The available phosphoric acid, in my opinion, is most effective when 
first applied to the soil. There is no better time to apply such fer- 
tilizers in the row than when the sprouts are ready to come through 
the little soil that covers the seed pieces. It falls where some of the 
roots will form, and is ready to push growth. It is practicable to 
apply with a grain drill having a fertilizer attachment, spreading the 
horses with long neck-yoke and double-tree so that they have two 
rows between them. All holes in feed-box may be closed except the 
ones over the two rows. The drill should have extra large capacity, 
as is now provided for distribution of ground lime, and then the fer- 
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tilizer can be fed out in the desired quantity. All the hoes should 
be let down so that the ground may be cultivated, though only two 
or four are distributing fertilizer. On account of the deep furrows, 
the hoes do not disturb the setts, and the cultivation partially fil's 
the furrows, killing weeds and adding needed covering to the po- 
tatoes. 

But the grower of a few acres only may prefer to distribute the 
fertilizer by hand in the furrows, and the best work is done in this 
way. When it has been so scattered, a weeder or harrow should be 
used to make a partial filling of the furrows. In a few days the 
plants again appear, and another cultivation will complete the filling, 
giving clean, fresh soil in the row. Where the soil is loose, the 
weeder does this work well; in stiffer soils the harrow or spring- 
tooth wheel cultivator is more satisfactory. 

In defence of the practice of applying commercial fertilizers in 
the row, it is a pleasure to be able to quote so good an authority 
as Professor E. B. Voorhees. In his book on “Fertilizers,” page 
217, he says: “In reference to the method of application, while very 
good results are secured from the application of fertilizers directly 
in the row, this is to some extent influenced by the character of the 
soil. Where the soil is somewhat heavy and the circulation of water 
is not perfectly free, it is less desirable than where the soils are 
open and porous and free circulation is not impeded; though where 
the amounts supplied are considerable, it is recommended that at 
least one-half of the fertilizer should be applied broadcast and 
worked into the soil, and the remainder placed in the row at the 
tume of planting. Naturally, when the soils are poor, a concentra- 
tion of the constituents is more desirable than when the surrounding 
soil possesses reasonably abundant supplies of available food.” 


CULTIVATION. 

One object of cultivation is to kill weeds. In potato-growing it is 
essential that the ground be kept clean by destroying the weeds be- 
fore they make much root. With the old method of planting shal- 
iow and ridging the covering, we got clean soil by dragging the ridge 
down immediately before the plants reached the surface. It was 
a good way of starting the potatoes ahead of the weeds. But we 
get the same results from leaving a furrow open over the plants and 
filling in as the plants grow. When they are above the level of the 
surface, the furrows have been filled with loose soil, and all weeds 
have been destroyed. It is always possible that rains may interfere 
with the work, and some weeds may be among the potato stalks in 
the unfilled furrows, but it is safe to use a wheel-cultivator, throwing 
plenty of soil against each side of the plants, and if some ridging is 
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done to secure complete burying of all weeds, the ground can be 
leveled with the weeder without injury to the potato tops. 

Until the plants are a few inches high, cultivations with weeder 
or slant-tooth harrow should be given whenever weed seeds are 
sprouting or a crust is forming. 

One Deep Working.—We now come to a cultivation of a kind that 
seems severe to the plants, and yet in all soils except the loosest it 
is essential to maximum crops. The potato makes its crop down in 
the soil. The physical condition of the land at time the crop is 
produced is more important toe it than it can be to corn. The latter 
plant makes its crop in the air, and has all the room it wants; the 
potato must displace soil to get room for its tubers. A naturally 
loose soil will remain in good physical condition throughout the 
season, but such soils are rarely retentive of moisture, and the great 
bulk of our potatoes is grown in land that becomes too compact for 
the best development of tubers. With such soils the only rational 
thing to do is to undo the work of the rains that have fallen after 
the planting by making the ground loose once more. Roots will be 
sacrificed, but this may not be an evil. Planting early, our potatoes 
incline to make root growth too near the surface of the ground dur 
ing the cold and wet weather usual to the month of May. These 
surface roots cannot be depended upon when heat and drouth come. 
It may be just as well that a deep cultivation is required to loosen 
ihe soil, as the destruction of these surface roots leads to deeper 
rooting. That is a point that does not require discussion here, the 
cultivation being a necessity for other reasons. It is my experience 
that this one deep cultivation, given when all plants are well above 
ground, can hardly be too close, if the soil is compact as a result of 
beating rains. A deep-running wheel-cultivator can be made to do 
fairly good work, and I hesitate to recommend any implement less 
modern. When it makes the soil loose in the row, where the tubers 
will be formed, nothing more can be desired. But very many of us 
are growing potatoes in heavier soil, and we are willing to give any 
sort of tillage that will show the most profitable results. 

An Old-fashioned Way.—The point of the shovel of the cultivator 
should be run under the plants at this stage of growth, if the ground 
has settled firmly. Tubers cannot form ina hard soil. It is not now 
a question of root growth, but of the possibility of good physical 
condition of the soil in the hill. If the shovels of a wheel-cultivator, 
running on both sides of the plant, are pointed under the row, they 
will lift the plant out. A number of years ago we abandoned the 
use of the more modern implements for this one cultivation, and 
jeaving them in the tool-house we returned to the use of the old- 
fashioned one-hoerse plow, having but a single stock. With a long 
and very narrow shovel, the plow could be held at such an angie 
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that the soil in the row under the plant could be shaken up. The 
method is slow and laborious. One man can cultivate only two and 
a half acres a day. But the work is rightly done, and potatoes are 
peculiarly responsive to right treatment. It is the soil in the row 
that interests the potato-grower. It should be loose naturally, if 
only such land were retentive of moisture. But if it were, it is not 
found on half the farms that should produce some potatoes. Deatl- 
ing with land that compacts in heavy spring rains after the planting, 
we learn to make it loose in the row just as late in the period of 
crop growth as we dare. ‘That time is when the plants are a few 
inches high. It is safe to go further and to say that if unusual 
weather conditions delay this work, and if the ground in the row is 
found very compact when the vines are even one foot high, it is better 
td sacrifice some root growth and make the soil loose enough for 
development of tubers than it is to go ahead without chance of 
crop. In such @ case some crop may be gotten by throwing up loose 
soil in a ridge so that the potatoes may grow in it, but that calls for 
root-pruning anyway. However, it is an unfortunate condition of 
things that justifies such heroic treatment, and indicates failure to 
provide humus for the soil before planting. The only safe course 
is to make close land friable by drainage and by plowing down 
vegetable matter, and then give all deep and close tillage before the 
plants are many inches high. 

The use of a single-shovel plow is a matter of arithmetic. If in 
the hands of a man who will use it faithfully and rightly it will do 
sufficiently better work than a more modern and rapid cultivator to 
pay, use it. Some growers find that it will; others think otherwise. 
If the soil is loose anyway, or if the workman is unwilling to hold 
the plow steady with point under the row, a wheel-cultivator is to be 
prefered. 

Soil Moisture.—Professor King, in his valued book entitled “The 
Soil,” says: “After the plant food has been prepared in the soil or 
in the air, it is useless until endowed with the possibilities of move- 
ment toward and through the living tissue. But water, through the 
action of capillarity and osmotic pressure, is the medium of trans- 
port by which the ash ingredients and the nitrogen of the soil are 
moved to the roots of plants, by which they are drifted into the sun- 
shine of the laboratories in green leaves and bark, and from which 
they are again taken to their final place in the structure of the plant. 
Nor is this all, for water is itself a food substance used in large quan 
tities by all plants of whatever sort. By its evaporation from the 
foliage of plants, it not only holds the temperature down within the 
normal range of the vital process there going on, but, because of this 
lowering of the temperature, it also hastens the osmotic flow of sap 
toward the leaves. The amount of water demanded by crops under 
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our methods of culture is very large.” In Wisconsin, Professor 
King has found that 422 tons of water are required to produce one 
ton of dry matter in the potato. 

Control of Moisture.—The first tillage in the potato field is to kill 
weeds and to break the crust. <A single deep cultivation, close to the 
plants, is advisable for most soils, when all the plants are fully above 
ground, to insure looseness of the soilin the row. ‘The tramping by 
horses and men in the middles makes a deep cultivation of the mid- 
Cles, with the long, narrow shovels of the wheel-cultivator, desirable. 
it should be given at the time of the deep working next the plants. 
All has now been done that can be done with cultivators to insure 
a crop, excepting the stirring of the surface to conserve moisture 
and prevent weed growth. But these surface stirrings are an im- 
portant part of potato culture. Some Stations have conducted ex- 
periments to determine the number of cultivations that is best for 
potatoes, but a moment’s consideration should show their lack of 
special value. 

There is no certain number of times to cultivate potatoes. All de- 
pends upon the soil and season. It may pay to stir the soil twice 
in one week. It may not pay to stir itforten days. When a crust is 
forming, or when the soil mulch is settling down solid so that 
moisture evidently is escaping, tillage is needed in the event of 
probable drouth. If abundant rain follows, the gain from the til- 
lage can be only slight, but no one can forsee the weather conditions, 
and experience has demonstrated the profitableness of conserving 
the moisture we have in the soil. 

The Source of Our Best Moisture.—Some people seem to have the 
impression that they should look to the clouds during the summer 
as the one source of moisture for growing crops. The fact is that 
the best source of supply of water for a summer crop is the rains of 
winter and early spring. I do not say that this is the chief source, 
but it is the best one because it is measurably within our control. 
The water that falls in the winter and spring, going down into the 
ground and coming back in time of drouth, is that with which we 
should most concern ourselves. It is our store at hand, and with the 
clouds we can not deal. The soil is a great sponge for the holding 
of water. When it is deeply plowed and full of humus, it drinks up 
the water from snows and rains, and that water passes down into the 
subsoil. One of the chief offices of tillage is to make soil receptive 
of rainfall and retentive of moisture. The water in the soil is mov- 
ing all the time. When there is more of it at the surface than there 
is below, the water descends. This is observable immediately after 
a summer shower when we find that the plant roots remain unmoist- 
ened for a time, but know that the next morning will find the soil 

about them made darker by the moisture that has descended. On 
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the other hand, when the drying wind is carrying away the moisture 
at the surface of the field, the water below is rising to equalize con- 
ditions. As more moisture is carried away by the air, more rises to 
replace it, and there is constant loss of water—constant draft upon 
the great reservoir created by the rains of past months. 

The Mulch.—It has never been easy for me to accept the state- 
ments of scientists concerning the problems arising in farming unless 
the everyday facts in the field appear to sustain them. Some young 
readers may share in this disposition to want evidence, and the con- 
trol of soil moisture is so important that a few experiments are sug- 
gested. ; 

In a dry spring, place a straw mulch about some berry plants, and 
leave the ground bare about others. Mulch one-half of a pansy-bed, 
and leave the other half bare. Ina dry July, mulch a few rows of po- 
tatoes with litter, and leave a few rows untouched. Note the differ- 
ence in results, bearing in mind that no more water has fallen on the 
mwulched plats than on those left untouched. ‘The difference in the 
moisture content, so apparent upon examination, is due to the arrest 
of evaporation of soil moisture in the mulched land, and to its es- 
cape from a soi] that has no mulch and is left bare and compact. 

Soil for Mulching.—It is impracticable to use any foreign ma 
terial for mulching our potato fields, but we have learned that a 
mulch of soil may be made to serve the purpose of retaining the 
water in the ground. Knowing that the water tends to rise during 
drouth to replace that which has escaped into the air, our aim is to 
interpose something between the rising moisture and the hot air 
that would carry it away. The water rises in a compact material, 
but is checked by one more porous. Straw makes a good check, 
but experience has taught that two inches of loose soil on top of the 
compact portion also is a highly effective check. Its pores have 
been broken up by stirring so that water does not pass up through 
it readily, and it lies as a blanket, guarding the water from the wind 
and sun, 

Another test may be suggested at this point with profit. After 
a drouth of several weeks Guration, take a post-hole digger into 
a field that has had careful surface cultivation, and thus has had 
its moisture retained by the soil mulch, and dig a hole three feet 
deep, noting the degree of moisture found. Then go to an adjoining 
piat that has lain uncultivated for any reason,—pasture land, a fence- 
row, or preferably, a piece of bare land—and dig down three feet, if 
the dryness of that land will permit. Again note the degree of 
moisture found. If the land has been bare, there has been no draft 
upon it by plants which transpire great quantities of water through 
(he leaves, as in the potato field, and yet it will be found much dryer 
than the field that has been properly tilled and has furnished large 
quantities of water to growing plants. The top soil can be made into 
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a mulch that does much good in a dry period, and the leading object 
of cultivation in the potato field, after the one deep tillage described, 
is the creation of this earth blanket. Do not decrease depth of cul- 
tivation gradually; do it at once. The one cultivation was to over- 
come the ill-effects of packing rains on a somewhat clayey soil after 
planting; later cultivations are merely to keep the surface stirred, 
and all the soil below such a mulch should be left alone for the use 
of plant roots. It is their feeding-ground, and they should be left 
undisturbed in it. 

Kinds of Cultivators.—The implements required in modern tillage 
of the soil demand a considerable expenditure of money. It is not 
easy to determine the limit to profitable investment in them. Some 
farmers buy too many, having too little use for some implements to 
make the investment pay. But I think that a far greater number fail 
to buy as freely as they would find profitable. It is sure that plant- 
ing should not be done unless good tillage can be given, and we must 
give that tillage as cheaply as possible. Human labor is high-priced 
labor, and the implement that saves time is earning in that degree ils 
cost. Some crops may wait for cultivation without serious injury to 
them, but the potato is not one of these. It is a costly crop, requir- 
ing good soil and expensive seed, and its returns per acre are rela- 
tively large when a good yield for the season is gotten. There are 
few crops that repay care any better. Implements for rapid work 
pay for themselves more quickly in the potato field than they couid 
in fields growing crops of less value per acre. It is my experience 
that a seeming surplus of horse-power and of tillage implements is 
desirable. A cultivation at the right time in a bad season may be 
worth a big sum, and no one should plant an acreage requiring the 
steady employment of all teams and cultivators. If he does, some 
bad weather will bring failure of a part of.his crop. 

For rapid cultivation after planting, and until the plants are sev- 
eral inches high, the weeder is an excellent tool. In loose soils it 
does entirely satisfactory work when used in time. The time to kill 
weeds is before they get above the surface, or at least before they 
form any roots deeper than the weeder teeth go. The time to break 
a crust on the surface of a field) is before the crust hardens. But 
there are clay soils that pack and become hard after rains before 
the ground is dry enough for cultivation. For such land the weeder 
is needed to stir the soil in the row, and to level it, after the ground 
has been stirred by a heavier implement. It does not do satisfactory 
work among loose stones, but elsewhere the horse-weeder can be 
used with profit at certain times. 

The two-horse wheel-cultivator is found on most farms. It should 
have narrow shovels, at least three on a side, and should be so con- 
structed that they can run deep when desired and can be used for sur. 
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face work. Where only surface work is wanted, the spring-tooth 1s 
excellent. The wheel-cultivator is used until the vines fill much of 
the middles, and then the one-horse cultivator comes into use. The 
latter implement, going once in the middle, cannot do as good work 
as the two-horse cultivator while plants are small. It does not give 
the close hoeing to each hill that is necessary in good work. But 
when the vines shade the row and close work is no longer possible, 
the one-horse implement, with wheel to regulate depth, is nearly 
perfect. The object of all this later cultivation is to preserve mois- 
ture by keeping the surface two-inches of the soil loose, and care 
must be exercised that the plant roots in the moist soil below the 
mulch are not torn by the cultivator hoes. The thing to do is to 
give the potato plants a chance to use the food in the soul. The 
ground has been made loose as late in the season as is consistent with 
root growth, aud our business then is to keep the moisture in that 
ground, and to let the plant roots use it in storing up food for them- 
selves. Carelessness in matter of depth of late cultivating may rob 
2 plant of much of its ability to gather food. 

Laying Potatoes By.—Formerly we heard much about “laying po- 
tatoes by.” This work then consisted of running a very broad single 
shovel through the middle, throwing the soil upon the row and ridg- 
ing it. When this had been done, cultivation was at an end, because 
the ground was up in ridges and nothing more could be done. Now- 
adays, the potatoes “lay” themselves “by” when they make such a 
growth of vine that they do their own mulching of the field, and we 
cannot get a cultivator through the middles. The only time to cease 
tillage of potatoes is when the vines cover the ground. If the plant- 
ing has been deep, in soil made properly loose by use of humus, the 
potatoes form under the dry soil mulch, and they do not come to 
the surface no matter how flat it is. When a crust is formed in the 
field by a rain, the right thing is to break it before it hardens, if the 
vines are not down upon it, preventing such work. The period of 
blooming has naught to do with determining the time to cease stir- 
ring the surface soil, except that one should have plants by that time 
so large that little more tillage can be given. 

In all this we are assuming that the potato rows should not be 
ridged. Let us reason together. We know that the sweet potato 
is the opposite of the white potato in that it wants heat and not a 
great degree of moisture. Hence we learned to make ridges for 
them. The ridge increases the area of surface exposed to the hot 
air, aud in the north that suits the heat-loving plant. The white 
potato wants the cold of the extreme northern States, as we know 
from its productiveness in such sections of our country. It needs 
a cool soil for its roots, and hence we learn to keep our land cool and 
moist by exposing no more of it to the sun’s rays than is necessary— 


734 ANNUAL REPORT OF THE Off. Doc. 


ty keeping the potato roots deep under a flat surface having an earth 
mulch. 

But there are instances in which it is best to throw up loose earth 
in the row. If ground is heavy and wet, potatoes will do no good 
down init. If there is reason for planting such land, it is best to 
put the seed near the surface, and to ridge the ground. The tubers 
are fed from the joints in the stem, and the extra soil banked up in- 
creases the extent of that part of the plant that puts forth the under- 
ground stems, while the looseness of the newly-made ridge lets the 
potatoes develop. While insisting on the profitableness of having 
the main body of the soil drained and loose, so that the plants can 
have the best conditions, I do not urge deep planting and level culti- 
vation for ground of other character. It is better to plant shallow 
and to ridge when the soil is heavy and wet. 

This conclusion, based upon personal experience, is substantiated 
by Station experiments. The Cornell Station says that “level cul- 
ture is preferable to ridge or hill culture for conserving moisture. 
Ridges should only be used when the object is to relieve the soil of 
moisture, as in low, damp fields.” 

It may be added that ridging promotes earliness in a cold soil, and 
may be often desirable to the market gardener. 

Level culture is at the best a relative term. We never leave - 
ground absolutely level when cultivation stops. Some soil is worked 
into the row, and the tramping of horses depresses the middles. A 
difference of two or even three inches between the level of the mid- 
dles and that of the row is very common where the aim is to practice 
level culture. It would be better entirely level, but the cultivation 
close to the plants and the one deep plowing in the middles even with 
the narrowest shovels make slight ridging. The nearer level the 
ground, the more benefit is derived from light rains. Level cultiva- 
tion is the rational kind for land that is adapted to the crop, and the 
nearer we get our soils in prime physical condition for the crop, the 
less necessity there is of any root pruning, any surface planting or 
any ridging to furnish a covering for the tubers. 

The Hand-Hoe.—It is our desire that this discussion of potato cul- 
ture should fall into the hands of many persons who grow potatoes 
on a small scale in town lots and in home truck patches. They may 
not have the use of weeders, wheel-cultivators and other implements 
of the potato farm. For their benefit the statement is made here 
that while these implements do good work, and are essential to the 
large grower, no one implement has even been made that is superior 
to a hand-hoe when in the hands of a man who knows how to use 
it. The work may be too slow for large fields in most potato sec- 
tions, labor not being available for its use; but the man who is able 
to give potato plants thorough hand-hoeing in the row may rest as- 
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sured that his tillage is as good as any that can be given. We like 
to boast of our progress, but no costly implement upon the market 
can stir the soil next to a potato plant as satisfactorily as a hoe in the 
hands of a skillful man. Our progress has been in speed and in re- 
duction of expense, but not in any excellence of the cultivation over 
the hand-hoe for work in the row between the drilled plants. I do not 
recommend its use in the field on account of the cost of labor, though 
I have been led in recent years to give one hand-hoeing to all po- 
tatoes in clayey soil. The expense of $2.00 an acre thus incurred 
has appeared to be much less than the increased receipts per acre 
due to the extra tillage. But the matter is brought up for recom. 
mendation only to those who may lack a complete outfit of imple- 
ments, and feel at a disadvantage in trying to grow only a few acres, 
or less, a year. 

Excepting the use of the hoe to break the crust and kill weeds in 
the hill—work done in the field with the weeder and other cultiva- 
tors—the object of a thorough working with long, narrow-bladed 
hoes is to loosen the ground between the plants soon after the one 
close, deep cultivation has been given. The blade should be made 
from three-sixteenths steel, eight inches long and three and one-half 
inches wide. With a heavy eye and handle, it is not a light imple- 
ment. The blade is long, so that it will easily reach across the nar- 
row ridge left by the cultivator and down as deep as the ground 
should be made loose. It is narrow in order that too much soil may 
not be moved. Set at an angle of sixty degrees to the handle, a 
single stroke by side of the plant does the needed work, and two 
strokes complete the hoeing for the hill. A good workman will go 
over three-quarters of an acre a day, and in a heavy soil such a work- 
ing may double the net profit from the crop. 

Danger in Wet Seasons.—It is a common saying that a dry June 
is good for acorn crop. One reason is that dry weather at that time 
causes the corn plants to root deeply. When the weather is wet 
early in the season, potato plants form their roots too near the sur- 
face, and do not develop a system of roots sufficiently deep to serve 
them well when a drouth follows the wet weather. A reference to 
personal experience may be useful here. In 1901 we had excessive 
rainfall until the middle of June, and then a drouth set in so serious- 
ly that the local price of potatoes remained at ninety cents a bushe! 
throughout the fall. Some fields of potatoes were not worth harvest- 
ing. Early in June I noticed that in one small field of six acres the 
roots of the potatoes were forming thickly in the surface soil in the 
row. In the middles one deep cultivation had let them work farther 
down. In the rows these roots were within a half inch of the top of 
the ground, seeking air during the incessant wet weather. The vines 
were then over one foot high, and the outlook was discouraging be- 
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cause drouth was most probable after so much rain, and these roots 
upon which the plants were depending were too near the surface to 
be ot any service when the weather should turn dry and cultivation 
had ceased on account of the size of the vines. I had advocated and 
practiced shallow tillage when potato plants became a few inches 
high, but the conditions were so unusual that, as soon as the ground 
would permit, the long-bladed hoes were put to use breaking off the 
roots at the sides of the plants and opening up the soil to the air. 
It was radical work, and some slight wilting of the vines was ob- 
servable. But so sure did it seem that a drouth would bring crop 
failure if deeper rooting were not gotten and loose soil provided, 
that the work was persisted in, and while the yield) was not very 
large, the receipts were $118.00 per acre because fields left untouched 
could not make any growth when the drouth came. In this season— 
1902—the rains did not fail us for the early crop, but the same treat- 
ment certainly was not a detriment, as the yield in the same field is 
250 bushels per acre. In the rather compact soil of this land a 
part of the yield is fairly attributable to the loosening of the soil, 
given by these hoes, that was needed to overcome the packing effect 
of rains. But this slow and old-fashioned way of giving tillage is 
commended chiefly to those who may believe they should not plant 
any potatoes because they can not buy all the implements of tillage. 

Late Planting.—The details of early planting have been given be- 
cause such planting is best in most sections of the belt for which this 
treatise is prepared. But the grower may find it better to get the 
growth after midsummer rather than before it. If this be the case, 
then the planting should be late enough to delay the development of 
tubers until early autumn. The cool nights of fall are even more fay- 
orable to potatoes than the early season of the year, provided moist- 
ure is present. If the planting is late, the culture is somewhat differ- 
ent. There is less danger of having a packed soil after planting and 
more danger of drouth. The work of preparing the ground for plant- 
ing should be done thoroughly. The covering when planted may be 
deeper, and a close plowing under the plants is less likely to be nec- 
essary. 

Thinning.—The price of “seconds” is so much less than that of the 
first grade that there is constant temptation to use small potatoes 
for planting. The small tuber is very apt to send up more stalks, 
giving more setts than are wanted in ahill. Some growers have tried 
to correct this tendency by clipping off the tip end that has so many 
eyes, but this has not been done with profit, as a rule. The matter 
has been the subject of Experiment Station tests, and it is fairly de- 
finitely settled that such clipping does not pay. Other growers 
have tried thinning. Theoretically this should give good results, 
and there are extensive growers who practice if satisfactorily to 
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themselves. But the evidence in its favor does not justify recom- 
mendation of the practice. The work must be done when the plants 
are small. It is very laborious, and there is always danger of dis- 
turbing the seed pieces or other stalks. For these reasons it is 
better to control the number of stalks by reducing the number of 
eyes planted rather than to depend upon thinning. The small potato 
that sends four to six stalks to the surface does not send as thrifty 
ones as the section of a large tuber that has the weight of the small 
tuber and only two eyes. The addition in cost due to the use of- 
larger tubers is justified by the yield in most years. 

Vine pruning has been tested by one Station, and no advantages 
were secured thereby. 


INSECT FOES AND REMEDIES. 


The potato has a number of serious insect foes. It is a common 
thing to hear growers lament that disease and insect attacks make 
their business hazardous, but I am sure that the progressive, en- 
ergetic producer has no better friends than these so-called foes. The 
staple crop that is easy of production affords a minimum of profit 
because production is heavy. The most careless can secure yields, 
and the supply exceeds the demand. This would be notably true 
of the potato if there were no enemies of the crop—insects or disease. 
The best products for the live farmer are those requiring the most 
skill and care in their production, as competition is limited by the 
conditions necessary to success. I do not care to assert that the foes 
of the potato are desirable, as they make life harder for the inefficient 
who must live, but clearly they do help the energetic. 

As the potato crop becomes old in any section of the country, the 
foes to it multiply. This is true of insects, and especially so of dis- 
eases. As soils grow old and are permitted to become deficient in 
humus so that drouth cannot be withstood well, and as disease and 
insects increase, the tendency in potato production is to shift its 
center to newer and more remote land. 

In the part of this treatise dealing with this subject, the mass of 
matter contributed by our Experiment Station scientists is freely 
drawn upon, selection being guided by personal observation and ex- 
perience in the field only so far as they come to a practical grower 
of potatoes. 

The Colorado Beetle.—Probably the best known insect attacking 
the potato is the Colorado beetle (Doryphora decemlineata.) “It was 
first brought to notice,” says Professor Geo. C. Butz, “about the year 
1856. In 1859, it was found in the potato fields of the settlers of Kan- 
sas. In 1861, it was in Iowa, and in 1862, it appeared in southwestern 
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Wisconsin. It crossed the Mississippi river into Illinois in 1864. 
It was in Michigan and Indiana in 1867, Ohio in 1868, and Pennsyl- 
vania in 1870. It moved eastward at the rate of about fifty miles a 
year for a number of years, but later it traveled more rapidly. It is 
reported to have reached the Atlantic coast about 1874, and Nova 
Scotia about 1882. When it reached the Atlantic coast, it had travel- 
ed 1,500 miles in sixteen years, and nearly a thousand miles more 
the next eight years in its march to Nova Scotia. 

“These insects have great power of endurance. They wi'l walk for 
great distances in search of food and, by direct experiment, they are 
known to have lived thirty days without food. In the spring, the . 
beetles appear along with the first growth of potatoes, and while they 
devour some of the foliage of the potato plants, the damage is slight 
as compared with the destruction caused by the larvae of the suc- 
ceeding brood. These early beetles lay their eggs upon the leaves 
of the potato. We may find the orange-colored eggs in masses, vary- 
ing from a dozen to fifty, closely placed upon the under side of the 
potato leaf. It is said that a single female may lay as many as one 
thousand eggs in its lifetime. The eggs are sometimes found upon 
ieaves of grass, smartweed, or other plants in the potato field. -They 
hatch about a week later into peculiar looking hunchbacked grubs 
or larvae of a reddish color, with markings of black spots in double 
rows on each side. The larvae walk to the tenderest part of the 
plant and there feed very rapidly, increasing in size by successive 
moults until they are full grown. The length of time in the larval 
state is fifteen to twenty days, when they leave the plant and go into 
the ground a few inches below the surface and there pupate in a 
cell of earth. In about ten days later they emerge as perfect adults, 
which go in search of the plants again to lay eggs. There are from 
two to four annual broods in this country, varying with the latitude.” 


EFFECTIVE REMEDIES. 


Any serious damage to a crop by this beetle is unnecessary. 
The only possible exceptions to this rule are when the 
beetles in the spring appear in vast numbers upon plants as they 
are coming up, and when the beetles of the second brood cross from | 
the field of a careless farmer into one’s own field. 

In the first instance, resort may be had to hand-picking of the 
field, if reasonably small. Attempts to poison are not to be ad- 
vised on account of the tenderness of the new plant foilage and 
the hardiness of the old beetle. The most feasible plan is to have 
the plants down in furrows, as they will be when the covering 
has been made shallow, and then to fill the furrows with loose soil. 
This gives the plants time for gaining more vigor, and for some scat- 
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tering of the beetles. When the plants appear again, if the plague sf 
beetles continues to threaten their destruction, a ridge of soil may be 
thrown over the rows. It will do no injury, and when the plants 
emerge again a weeder should be used to level the land. By this 
time the thriftiness of the plants will usually put them beyond 
serious danger so far as the brood of old beetles is concerned. 

The grower then has opportunity of mastery, and if he succeeds as 
thoroughly in destroying the larvae of the first brood as he should 
do, there will be no second brood to do injury late in the summer. 
The one practical method of killing the larvae or grubs—the 
“young bugs”—is by poisoning. The Maine Station made experi- 
ments with various insecticides and reached the conclusions that 
‘in fighting the Colorado potato beetle no adequate substitute for 
arsenical poisons has yet been found.” The efforts are now limited 
to finding cheaper or more effective compounds of arsenic than Paris 
green. There are many preparations upon the market, some of 
which are good and some are poor. A good preparation has strength, 
remains in suspension in water well, and is not soluble, as is white 
arsenic, which may burn the foliage. Where a high-grade article of 
aris green can be bought at a fair price, it may be safely recom- 
mended. Where there is no state inspection of this poison, the 
buyer should test his purchase before making application to the field. 
A few early-hatched grubs are sure to appear, and within a few hours 
the relative strength of the poison may be learned. 

Arsenites in Water.—The most common way of applying arsenites 
is in water, four to six ounces of Paris green being used in fifty gai- 
lons of water. The former amount is sufficient for very young grubs, 
but the latter should be used if by any chance the grubs are half- 
grown when the application is made. It isa mistake to delay apply- 
ing the poison until any grubs are half-grown. This is often done in 
the plea that all should be hatched out so that one application will 
serve. But when any of the grubs have reached such a stage of 
growth, some will not be killed by the poison. They are scattered 
over the vines, and find some leaves sufficiently free from poison to 
escape death, and these become the bectles that give us the second 
brood of grubs which often do much harm. More than this, the eat: 
ing of the leaves checks the vigor of the plants. The arsenite should 
be applied when the grubs appear, and if it does not adhere to the 
vines until all are hatched, a second application should be made. 
The arsenite should be thoroughly mixed with water in a large bottle, 
and then emptied into the barrel. 

Sprayers.—Devices for applying insecticides in liquid form are 
Iuany. It is my experience that the knapsack sprayer is better 
adapted to gardens and small fields than to an extensive acreage, but 
it does good, thorough work. The spraying apparatus that covers 
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four rows at a time, having a nozzle for each row, I have discarded 
because the work done by it is not thorough enough. There may be 
improvements in it, but the probability is that human direction of the 
nozzle as it plays upon each hill will always be desirable. The barrel 
pump in a one-horse cart, carrying two hose and nozzles under direc- 
tion of two mena, secures thoroughness. 

Applying Arsenites Dry.—The grower of potatoes on a small scale 
may not have even a knapsack sprayer, and primarily for his benefit 
I describe a method of applying Paris green in dry form that makes 
the poison more effective than it can be made in liquid form. ‘The 
method will not commend itself to many extensive growers because 
it is relatively slow, and yet I have learned to leave in the tool-house 
all modern devices for applying poison to potato vines and to use 
this rather primitive method in large fields for the simple reason 
that it insures the death of all the grubs, and we no longer have any 
second brood late in summer to do injury. 

Observation shows that the young grubs go to the buds of the 
plant when they leave the leaf on which they hatched. It is there 
that they find the tender fibre suited to their taste. <A slight amount 
of poison kills quickly when taken at this age. It is right in the 
bud, and well down in it, that the poison should be placed, and there 
some of it should remain throughout the hatching season. These 
two things are secured by using a sifting can that drops the poison 
where wanted, and by having the poison mixed with some material 
that will form a paste in the first dew, and adhere to the leaves. 
Air-guns are more speedy, and they clean the vines of the grubs that 
are present in fair degree, but they do not leave a body of poison in 
the buds of the plant that will remain for the next lot of tiny grubs 
that are hatched. Several applications with air-guns or bellows are 
required, and these cannot be made when much air is stirring. Often 
the grubs make their appearance rapidly in threatening weather 
when there is wind and showers, and arsenites in water, or in dry 
form without a diluent that will stick, do not do effective work. 

The Sifting Can.—The device recommended to the small grower is 
made of a tin fruit can, with a handle attached. Twenty or thirty 
small holes should be punched into the bottom of the can with an 
awl. Then near the top a slit two inches long should be cut in the 
side, and this bi-sected by another slit. Pulling the four flaps out- 
ward, the end of a handle three feet long should be thrust through 
at such an angle that it will be near the bottom when it strikes the 
opposite side of the can. A nail is driven through the tin into the 
end of the handle, and the points of the four flaps of tin are tacked 
to the wood. No cover is needed. This sifter is carried in one hand, 
and is jarred by a stick carried in the other hand, when the can is 
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held over the bud of the plant. There is no reason for coating the en- 
lire plant if the work is done at the right time. 

The arsenite should be mixed with a material that becomes sticky 
when wet. There is nothing better than wheat flour, and a damaged 
or low grade lot usually can be bought fora smallsum. The mixture 
should be strong—one pound of Paris green to sixteen pounds of 
flour—which is a sufficient amount for treatment of an acre of rather 
large vines. When the tops are small, and there are few branches, 
a less amount is sufficient, and an active boy can make the applica- | 
tion to two acres in a day. 

Lime is generally used as a diluent when applying arsenites in a 
dry form, Lut it is undesirable because it will not hold the poison 
on the vines during a rain, while flour will do so if set by a dew or 
mist. There are seasons in which a second treatment of this mixture 
becomes necessary, but they are the exception. If cold weather 
protracts the time of hatching, or if the rains are very heavy, one 
treatment may be found insufficient, but our experience is such that 
we expect one application, properly made, to suffice, and the ex- 
pense per acre seems slight when it affords immunity from this pest 
for the season. The secret of success with it lies in having the mix- 
ture strong, and placing it where all the grubs go soon after hatching. 
It lodges in the new leaves of the stalk, and the grubs that hatch later 
find it and drop off unnoticed. I am commending the plan only to 
those who have a small acreage, knowing that most growers on an 
extensive scale will prefer the sprayers on account of the rapidity of 
the work. When the Bordeaux mixture is being applied for blight, 
the arsenite for the potato beetles or grubs is put into it. 

The arsenite should be dissolved in a small amount of water be- 
fore it is added to Bordeaux mixture. A convenient way is to use 
« large bottle so that the water and arsenite can be thoroughly agi- 
tated. : 

Parasitic Enemies of the Beetle—There is constant increase in the 
enemies of the Colorado beetle, and this is in accordance with the 
law of nature that maintains a sort of balance in the insect world. 
When any one species increases out of due proportion, a natural 
check of some sort is usually provided. Several species of insects 
prey upon the eggs and upon the grubs of the beetle. In some years 
they are so numerous in sections of the country that no grubs can 
reach maturity. This was observable in the season of 1902 in my 
own fields, rendering any application of arsenites unnecessary. An- 
other season these enemies of the beetle may be less numerous here, 
and we should not expect entire immunity from attacks of the Colo- 
rado beetle through such agencies, but it is probable that there will 
be increase of these insects. 

The Flea Beetle-——An immense amount of injury is done to the 
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potato crop by the flea beetle. It is unnoticed by some growers 
while at work, although the effect is soon observed in a loss of dark 
color in the foliage and an appeararice of unthriftiness. It is the 
insect that punctures the leaves, gnawing innumerable holes through 
them. Several species attack the potato, the so-called “cucumber 
flea beetle.” (//altica cucumeris) being most observed in the north. 
This insect is minute, and easily escapes detection by those unac- 
quainted with its work and habits. Usually it attacks potatoes at 
. a critical period of growth, and a close observer will soon discover 
the very small holes or yellow spots in the foliage indicating its 
presence. Many insecticides have been used with little success,and 
it remained for the Vermont Station to call public attention to the 
merit of Bordeaux mixture as a repellant. To this, Paris green 
should be added at the rate of six ounces to a barrel of the mixture, 
and the spraying must be most thorough. Arsenites alone are not 
effective, and the spraying with Bordeaux mixture and an arsenite 
will not give the desired results unless it is very thorough and per- 
sistent. Probably no other one enemy does as much to weaken the 
vitality and lower the yield of potato plants as these minute jumping 
beetles, and spraying against their attacks is urged even when the 
spraying is not needed to prevent blight or the Colorado beetle. 

Where a grower has a very small acreage and has no equipment of 
sprayers, he may have partial success in repelling the flea beetle by 
dusting the vines with lime or tobacco dust when they are wet with 
dew. . 

A Cause of Pimply Potatoes.—In this place attention is called to 
a pimply condition of the potato that sometimes makes it very un- 
desirable in market. The Station at Geneva has done good work 
in investigation of this trouble, and in Bulletin No. 113 it summarizes 
its results as follows: “The cause of the trouble known as ‘pimply’ 
potatoes has been definitely determined. Minute, slender white 
grubs have been found boring into the tubers, roots and root-stock of 
the potato during the growing season. The pupae of these grubs 
have been found in connection with them. The grubs and the pupae 
have been proven to be the early stages of the common cucumber 
flea beetle, a very injurious insect, the life history of which has here- 
tofore been imperfectly known. The wound made by the boring of 
the grub results in the formation of a ‘sliver,’ but a pimple may or 
may not be produced, depending, probably, upon the state of growth 
of the tuber at the time the wound is made. The most practical 
method of preventing the pimply potato trouble is to protect the 
foliage against the attacks of flea beetles by thorough spraying 
with the Bordeaux mixture.” Additional reason is thus afforded 
for fighting the flea beetle. 

The Blister Beetle-—The “old-fashioned potato bug” is an old ac- 
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quaintance. There are four or five species of these beetles, and I 
know of no more disastrous enemy when they come in great num- 
bers, because they are not easily vanquished. When Paris green is 
applied, it seems to have little effect. The only redeeming feature 
possessed by these beetles is that they do not raise their families on 
the plants, and we do not have the larvae, as well as the beetles, to 
fight, as in the case of the Colorado beetle. Many remedies have 
been tried. When the field is small and one does not have the fear 
of his neighbor before his eyes, it is entirely feasible to drive the 
beetles out of the patch, threshing the ground behind them with 
bushes, ane letting them go in the general direction they were tak- 
ing whe. i’. entered the patch. When found entering the side of 
a field, it has been recommended that straw be scattered along the 
edge, and the beetles be driven into it and then burned. This is a 
remedy that works at times, and fails utterly at other times. The 
only fairly satisfactory way of fighting this pest is by thorough coat- 
ing of the vines with Bordeaux mixture and Paris green. The ar- 
senite is put in on the principle that nothing should be left undone 
in the fight, but the effectiveness of the remedy lies chiefly in the re- 
pellant power of the mixture. 

Potato Stalk-Borer (Zrichobaris trinotata)—As potato sections 
grow older, there is increase of the stalk-borer which causes a pre- 
mature wilting and drying of the vines. Dr. T. W. Harris records its 
presence at Germantown, Pa., in 1849, and says: “In many fields in 
the neighborhood of Germantown every stem was found to be in- 
fested by these insects, causing the premature decay of the vines 
and giving them the appearance of having been scalded.” Dr. Hal- 
stead, of the New Jersey Station, gives, in Bulletin No. 109, the fol- 
lowing life history: “The beetles appear in the fields early in spring, 
and they live well into June. They are ashen-gray, oval, with a 
black beak or snout, and about one-quarter inch in length. At the 
base of the elytra or wing-covers are three small, shining black dots, 
which give the insect its specific name. This beetle punctures the 
stem of the potato near the ground with its slender beak, and in the 
hole so made deposits an oval, soft, white egg. From this there 
hatches in a short time thereafter a small white larva with a brown 
head. This grows apace, eating in the center of the vine, either in 
the trunk or in one of the large branches, and attains its growth at 
any time between August first and September first. It is then from 
one-third to one-half of an inch in length, dirty white or a little yel- 
lowish with a yellowish-brown, horny head, and without perceptible 
legs. It lies in the stalk in a slightly curved or curled position and 
at some time about the middle of August constructs a cocoon of chips 
and fibres in which it changes to a white pupa, in which all the organs 
of the future beetle are distinctly visible. These cocoons may be in 
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any part of the stalk, but in small plants are usually at or near the 
surface of the ground, where the tissue of the vine is hardest, and 
the chances of retaining the form unaltered through the winter are 
greatest. The beetles mature in August and September, and re- 
main in the vines all winter.” 

Concerning remedies, he says: “It is at once obvious that insecti- 
cides are of no use in this case, because the larva is an internal 
feeder; but its habit of passing the winter in the dead vines gives 
us complete control over it. Simply rake up and burn all the vines 
after the crop is gathered, and with them the entire brood of insects 
will also be destroyed. Besides this, war should be waged against 
the Jimpson weed and the horse-nettle, as otherwise a considerable 
number of specimens will be likely to survive. If the presence of 
larvae is noticed in the field, the only thing to be done is to stimulate 
plant growth to the utmost by the application of appropriate and 
readily soluble fertilizers, that the vines may be enabled to mature 
the crop despite the attacks of the insects.” 


White Grub.-—The unsightly appearance of potatoes is due often- 
times to the grubs of the May beetle. Growers seek a direct remedy, 
believing that the application of some material to the soil should 
destroy them. Station and farm tests have been very thorough in 
this matter, and it may be stated confidently that no treatment of 
the soil with insecticides will be effective unless the insecticide is 
used at very heavy expense and in such large quantities that crops 
would be destroyed. It is common to read of success from applica- 
tions of common salt, kainit and other materials, but the disap- 
pearance of the grubs was due not to the application given but to 
the fact that the time had come for transformation to beetles. A 
little study of the life history of the May beetle will make this fact 
plainer, and will enable the grower to evade loss in some degree. 
The beetles appear in May or early June, living on the foliage of va- 
rious kinds of trees. Their eggs are deposited only among the roots 
of grass, and the grubs hatch in July or August. These grubs con- 
tinue in the soil for two or two and a half years, when they change 
into a dormant form, and appear as beetles three years from time the 
eggs were deposited. The grubs in the first autumn of their lives 
are small, and the injury to crops by them is usually slight. In their 
second summer they are voracious feeders, and likewise in their third 
summer. I believe that they sometimes continue to eat until late fall 
the third year, not changing to dormant form until spring. It is 
quite common to find two broods of the May beetle in the same place, 
and there may be three, giving grubs of all ages and sizes. When 
such is the case, the ground becomes practically worthless, if each 
brood of beetles is large. Usually there is only one brood that is im- 
portant, and this gives a chance for some evasion of their injury. 
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The fields under cultivation the year the beetles appear escape much 
infestation by grubs, and sod land broken the next spring, when the 
grubs are small, may be cultivated in corn without much danger. 
Winter plowing is recommended, and has a degree of effectiveness 
in a cold winter. Cold, heavy rains, during the month the beetles 
should appear cause the death of many. 

The right thing to do in respect to white grubs is to watch for them 
at time of plowing the ground, and if they abound, the potato crop 
should be omitted. If planting is done, early varieties should be 
used, and the crop should be dug as soon as it is ready for market- 
ing. It is idle io plant a crop like potatoes to be eaten by insects 
we can not fight effectively, and the white grub belongs to his class. 


FUNGOUS DISEASES AND REMEDIES. 


Probably the most serious fungous diseases of the potato are 
classified as blights. Throughout the potato belt of this country, 
but chiefly in the southern half of the main belt, the Early Blight 
(Macrosporium solant) is restricting yields enormously. In the north- 
ern half of the belt, and farther south in cold, wet seasons, the Late 
Blight (Phytophthora infestans) has caused great loss. Much con- 
fusion exists in the minds of many growers concerning the character 
of these blights. The Cornell Station has had unusual success in 
control of the blights by spraying with the Bordeaux mixture. I 
incorporate in this treatise its descriptions of Early Blight and Late 
Blight, and an account of the method employed at Cornell in making 
the Bordeaux mixture, reserving the privilege of some comment on 
one or two points in which my own experience in spraying does not 
accord fully with that of the Station. The quotations are made 
from Bulletin No. 140, and are as follows: 


“Karly Blight—As the name indicates, this usually makes its ap- 
pearance early in the season and upon early varieties of potatoes. 
Hot, dry weather favors its growth, and it is usually most severe in 
its attacks where the potatoes are planted on dry soils. It will, 
however, make its appearance when the weather is moderately cool. 
Whenever the potato foliage has been injured by the flea-beetles 
it seems to be predisposed to attacks of the early blight, the spores 
finding a favorable resting spot on the injured places of the leaf. 
Any condition or treatment which has produced a weakening of the 
plant causes it to be more likely to attacks of blight. Strong, 
healthy growing plants may be entirely free from attack, while plants 
which have for any reason been checked in their growth fall an easy 

prey to the disease. While this early blight does not cause the po- 
45 
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tatoes to rot, it so injures the foliage that the growth is checked 
long before maturity and instead of the potatoes being full grown 
they are undersized and immature. It is very possible for the 
early blight to attack a field of potatoes and its presence never be 
recognized by the farmer, it being mistaken for a case of early ma- 
turity. This may be the reason the early blight fails to attract as 
much attention as the late blight and it no doubt does far more dam- 
age than is generally accredited to it. 

“It is difficult to describe its characteristics definitely as so manv 
variations occnr, and as it frequently is confounded with the late 
blight, it being sometimes scarcely possible to recognize the differ- 
ence without the aid of a glass. It usually makes its appearance 
during the latter part of June or auniug July and may even appear as 
late as August. 

“The parts of the foilage first attacked are likely to be the edges of 
the leaves, the disease manifesting itself in several places on the 
same leaf, and affected area as first being circular in outline. The 
color of the foliage changes from a green to a russet or dark brown 
or even black and the edges curl as the tissue dies. A distinguish- 
ing characteristic of the early blight is the general appearance of the 
tissue of the leaf beyond the most seriously affected portions. In- 
ztead of retaining the green color of healthy foliage, it assumes a 
vellowish appearance similar to that of matured plants, this pre- 
mature ripening probably being caused by the general weakening 
of the plant. This appearance no doubt is the cause of the general 
supposition that when potatoes are effected with the early blight the 
death of the vines is due to natural causes and is simply a case of 
early ripening when in reality it is premature and due to the blight. 

“One remedy for early blight will have been suggested by what has 
been said regarding the predisposing causes. It attacks plants 
which have been for some cause w2akened or injured. Treatment, 
then, should begin with the preparation of the land. Deep plowing 
to furnish an adequate feeding ground and a reservoir for moisture, 
seed cut in pieces of good size, the surface soil crust broken with a 
harrow before plants are up and then thorough tillage and protec- 
tion from both the flea-heetles and the Colorado beetles. If the 
plants are kept in vigorous growth, they will largely possess im- 
munity to the early blight. 

“Bordeaux mixture is the standard remedy for this as well as 
other fungous diseases. Tf it has used in early spring in combating 
the flea-heetles, and if when Paris green is used to kill the Colorado 
potato-beetles it is applied in Bordeaux mixture, there is but slight 
chance that the early blight will appear. The treatment in the man- 
ner above described serves a double purpose. The foliage is kept 
vigorous and healthy, free from attacks of the insect pests. and this 
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alone lessens the liability of attack by the blight as the Bordeaux 
mixture forms a coating of copper over the foliage thus protect- 
ing it.” 


“Late Blight.—This is a fungous disease which is responsible for 
the potato rot of the present season in New York State. Its ap- 
pearance is well known and it has attracted far more attention than 
has the early bight. The widespread famine in Ireland in 1846, was 
largely due to the fact that the potato crop was destroyed by the late 
blight. At the present time another famine is threatening in Ire- 
land and due to the same cause. In our own country while the dis- 
aster is not so great yet the loss this year has been enormous, and 
it is a loss which might have been prevented. 

“This disease in an aggravated form is not difficult to recognize 
as it may be perceived both by its appearance and disagreeable odor 
which comes at first from the foliage and later from the decayed 
tubers. 

“The fungus causing the common potato rot is an old offender. It 
was undoubtedly introduced into Europe with some of the early im- 
portations of the potato, and has in certain years proved so destruc- 
tive that famines have resulted from the entire loss of the potato 
crop. Such occurences eventually lead to thorough study of the 
organism. As early as 1846, the fungus causing the trouble was very 
carefully described in an English publication, and since that time 
other observers have given the disease much attention. It has 
spread to many regions in which potatoes are extensively grown, 
so that both scientists and farmers are very familiar with many of 
its characteristics. 

“The most interesting feature connected with the fungus is un- 
doubtedly the wonderful energy which it exhibits, under favorable 
conditions, in the destruction of. the potato plants. It sometimes 
spreads with such rapidity that a crop may be ruined in one or two 
days; and unfavorable conditions, or the total destruction of the 
plants, formerly appeared to be the only effectual agents in prevent- 
ing or checking the spread of the dreaded disease. This rapid de- 
cay of both the foliage and tubers is perhaps the most distinctive 
of these characters which are commonly brought forward for the 
identification of the disease. It 1s almost invariably accompanied 
by a strong, disagreeable odor which is easily recognized by all who 
have once experienced it. When large fields have been attacked. 
the smell is particularly strong; it then arises entirely from the 
foliage, and is not produced by the tubers. 

“The conditions which favor such rapid decay are, as a rule, not 
generally present throughout this State. The fungus makes its 
most rapid growth in a temperature of about seventy degrees Fah- 
renheit, when much moisture is present in the atmosphere. Clondy 
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days, with occasional showers, and a close damp air are especially 
favorable to its growth; and if such periods occur during August 
and September, the disease may appear at anytime. But, on the con- 
trary, if the season is dry and hot the fungus is unable to develop, 
and little or no injury of this nature can appear. Itis for this reason 
that the potato rot is not a regular visitor in most parts of the State, 
but is more generally confined to certain localities. These are found 
in the more northern potato districts, in the regions near the sea 
coast, and in some parts which have a high altitude. In such places 
the fungus may develop regularly every year, and the severity of the 
attack will be modified chiefly by abnormal atmospheric condi- 
tions. 

“The manner in which the germ tube of a spore penetrates the tis- 
sues is interesting. It is now generally believed that the ends of the 
tube secrete a ferment which has the power of dissolving the walls of 
the cells comprising the outer layer of leaf tissue. ‘When such an 
opening has been made, the small thread of the parasite passes 
through the outer layer, enters an intercellular space, and then rap- 
idly extends its thread-like growth between neighboring cells, draw- 
ing its nourishment by means of minute suckers which penetrate the 
cell walls.” The entire destruction of the leaf may be accomplished. 
A stoma, or breathing pore, may also serve as a point of entrance. 

“The rapidity with which the fungus advances within the leaf tis- 
sues depends very largely upon external conditions, and the appear- 
ances of the affected parts is also modified to a very considerable ex- 
tent. Unfavorable conditions frequently render the identification 
of the parasite a different matter without the aid of a glass, but 
under such circumstances the disease may be fairly widespread and 
still cause little injury. In serious attacks, however, many charac- 
tertistic symptoms may be easily recognized. 

“The following points should be noted: The diseased areas are of 
considerable extent, and may be started in any part of the leaf, but 
the edges appear to suffer more from new infection than the more 
central portions of the leaflets. This is probably due to the fact that 
in the case of rains these portions remain moist for a longer period 
than the center, since the water drains to the lower parts of the leaf- 
lets, and collect there in the form of drops of greater or less size. 
It is to be expected that under such conditions a fungus could gain 
an entrance more easily than in drier places. The decayed por- 
tions are inclined to droop; this is especially true in cases of rapid in- 
vasions, for at such times the parts do not dry so fast as the parasite 
advances. The rapid decay also prevents the edges of the leaflets 
from curling, although this takes place when the air becomes warm 
and dry. 

“The distribution of colors over the affected leaf is very suggestive. 
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Under normal conditions, the unaffected parts retain a deep green 
color, while the diseased area may be yellowish-brown, dark brown 
or nearly black. But whatever the color, each area is sharply out- 
lined. There is no gradual merging of one into the other, but a 
distinct change of color marks the progress of the disease. Occa- 
sionally another peculiarity may be noticed. If the leaves are closely 
examined it will be found that the green and the brown areas are not 
directly in contact with each other; they are separated by a narrow 
strip in which the green has been destroyed, and the brown has not 
yet appeared. It consists of a colorless or at most a very pale yel- 
low line in which the growth of the fungus is probably very active. 
But during periods which are unfavorable to the development of 
the parasite this line cannot be discerned, and the green and brown 
tissues are apparently in contact. Under such circumstances the 
identification of the disease without the aid of the microscope is an 
exceedingly difficult matter. Let us suppose that the fungus has 
succeeded in gaining an entrance, and that it has advanced a limited 
distance in the leaf tissues. If at this time the weather should turn 
dry and hot, the development of the parasites would be checked, and 
the result would be the formation of a small brown spot or area, 
perhaps near the edge of the leaflet, and if several such spots exist 
the injury might be ascribed, without careful examination, to what 
is commonly known as the early blight fungus. 

“The name ‘downy mildew’ has been given to the potato rot dis- 
ease from the fact that there appears, under favorable circumstances, 
a downy or mouldy growth upon the under surface of the leaves. This 
is white in color and may be of considerable density. The upper sur- 
face of the foliage does not show it, but whenever this frost-like 
growth appears on the under side, it is almost certain that the po- 
tato rot fungus is present, especially if the other conditions men- 
tioned above are also present. This external growth consists of 
spores and of the parts bearing them. The spores, or conidia, ma 
ture very quickly, and have the power of immediately propagating 
the fungus. They are small and light, and may be carried long dis- 
tances by winds. It is largely owing to those bodies that the pro- 
gress of this potato disease is so rapid. They are produced in count- 
lessnumbers and are very energetic in attacking healthy tissue. It ap- 
pears to be very probable, also, that these conidia, or summer spores, 
are the cause of the rotting of the tubers. After maturiug upon the 
leaf, some fall to the ground and by means of water and other me- 
chanical agents they are brought in contact with the tubers growing 
underneath the surface of the soil. Here they germinate and effect 
an entrance in the same manner as occurs above ground. The color 
of the affected tubers also changes to a brown, dry rot taking the 
place of the normal white color. The more slowly the tubers decay, 
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the less is the amount of moisture present; the contrary is also true. 
The decay does not take place in a uniform manner, but its progress 
varies in different tubers. In some it is mostly the parts near the 
surface that are affected, while in others the disease may adivance 
rapidly towards the center of the tuber, causing the exterior to show 
a much smaller amount of disease than is actually present. The 
discoloration, however, generally presents a uniform appearance. 
Although it is by no means impossible for the mycelium to reach the 
tubers from the leaves by means of the stems, still it is the generally 
accepted opinion that infection does not take place in this manner. 
' This belief was held many years ago, for in some of the earlier writ- 
ings, recommendations may be found in which very high hilling is ad- 
vocated so that the spores may be washed past the tubers and away 
from them, and not through the soil directly to them. 

“There is still another feature of the late blight which it is wel! 
to bear in mind. The disease generally appears during August and 
September, although earlier and later attacks are not very rare. 
Coming so late in the season, all the earlier varieties are compara- 
tively free from attack, but the latter ones are especially subject to 
the disease. This, however, is not necessarily due to the foliage oi 
such varieties being more susceptible, but rather to the habits of the 
fungus. I have not observed that the age of the potato plants has a 
marked influence upon the spread of the disease; nor that the young 
foliage of the plants is less subject to the disease. It appears as if 
the parasite is able to thrive upon all potato foliage which is in a 
healthy condition at the time of the germination of the spores, and 
that old and young foliage or plants suffer practically to an equal 
extent. ‘Acceptable evidence of a resting stage, or oosporic form of 
this fungus is lacking, and many believe that the fungus threads sur- 
vive the winter in the partially diseased tubers.’ 

“The important question and the question which concerns every 
potato raiser is, ‘Is there any practical remedy or preventive for the 
potato blight?’ Fortunately there is, and there is no more reason 
now for a farmer to permit his potatoes to be destroyed by the 
blight than to permit them to be destroyed by the potato-beetle. The 
standard preventive is the Bordeaux mixture. This, if properly 
made and properly applied, will protect potatoes from the late blight 
and the consequent_potato rot. 

“Making the Bordeaux Mixture.—No doubt failure to secure satis- 
factory results from the use of Bordeaux mixture is often due to the 
fact that the mixture is not properly prepared. While its prepara- 
tion is very simple it is possible the very simplicity has caused some 
to think no great care need be exercised in its preparation. This is 
a mistake, for the success of the application depends upon its being 
made properly. 
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The standard formula for Bordeaux mixture is: 
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“Potatoes will require from two to six barrels of the mixture per 
acre according to the size of the vines. In case a large area is to 
be sprayed it may be well to make up a stock solution of copper sul- 
fate. The following directions for making up the solution may be 
found helpful. Into a barrel containing forty gallons of water sus- 
pend in a bag or gunny sack forty pounds of copper sulfate or blue 
vitriol. It is important that this be suspended near the surface as 
- the solution has a greater specific gravity than water. If it should 
be put in the bottom of the barrel a saturated solution would soon be 
formed there, when no more of the copper would be dissolved. If 
the barrel be covered tightly this stock solution will keep for an in- 
definite length of time. 

“The lime used should be fresh burned, caustic and not air-slaked. 
The most convenient receptacle in which to slake the lime is a some- 
what shallow, long, water-tight box. To make up, say four barrels 
of the Bordeaux mixture, put into this box sixteen pounds of lime 
and add sufficient water to thoroughly slake. The lime should be 
kept well stirred during slaking that the water may come in contact 
with all parts. If it is desired to keep the lime for some days after 
slaking, it may be simply covered over with water so that the air will 
be excluded. When it is desired to use it, stir thoroughly and put 
one-fourth the contents of the box into a keg or other receptacle and 
dilute with twenty gallons of water. If more than four barrels of 
Bordeaux mixture are likely to be wanted, two slaking boxes would 
better be provided so that the lime will be ready for use when re- 
quired. 

“Into the barrel from which it is to be pumped, put six gallons of 
the contents of the barrel containing the dissolved copper sulfate. 
It seems hardly necessary to state that before doing this the copper 
sulfate solution should be thoroughly stirred. Fill the spray barrel 
half full of water and add the lime which has been diluted with 
twenty gallons of water. A1l of this material should be run through 
a sieve or strainer so that no sediment will clog the action of the 
pump. 

“If Paris green is to be used to kill the potato ‘bugs’ put it in the 
mixture at this time, four ounces if the grubs are small, six ounces if 
they are half grown. A paste should be made of the Paris green by 
mixing it with a small amount of water before putting it in the spray 
barrel. Fill the barrel with water and the Bordeaux mixture is 
ready for use to protect potatoes from the flea-beetles, the blight and 
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the Colorado potato-beetles. A strong force pump is best, as then 
every part of the foliage can be covered by the liquid. During the 
operation of spraying the liquid should be frequently stirred, other- 
wise the ingredients will not be evenly distributed through the mix- 
ture.” 


Having given the Cornell suggestions, based upon success that 
must be rated as unusually high, I cannot serve the grower better 
than to couple with it the suggestions of Prof. W. J. Green, of the 
Ohio Station, who has given potato culture many years of scientific 
study. In Bulletin No. 76 he says: 

“Tt has been our custom to make four or five applications of Bor- 
deaux mixture to the potato tops each season, including Paris green, 
to destroy the ‘bugs.’ In some cases this course has been satisfac- 
tory, but the results have been variable. Some seasons the 
sprayed plants have remained alive two weeks longer than the 
unsprayed, and the yield was considerably increased by the treat- 
ment, but at other times the spraying was of no apparent 
benefit. Our experience has been duplicated by many others, and 
spraying for the potato blight is practiced less than formerly. Pro- 
fessor A. D. Selby, Botanist of the Station, suggests that the discrep- 
ancies in results may be due to a confusion of ideas regarding the 
cause of potato blight. Some have confounded tip burn of the 
leaves, in dry hot weather, with blight. Others have mistaken the 
effect of drought for blight. It is probable, also, that a bacterial dis- 
ease, not amenable to fungicides, has been the cause of much of the 
trouble. 

“Where fungi alone are responsible for the dying of the potato tops, 
repeated experiments have shown that sraying with Bordeaux mix- 
ture is beneficial. Where the bacterial disease prevails it appears 
that insects are largely responsible for its spread, also that the 
malady may be carried into the field in diseased tubers. In this 
case prevention consists in using sound seed and in keeping the in- 
sects in check. | 

“The work of the experimenters does not appear to be finished, 
either along the lines of investigations concerning the causes of 
blight, or in the discovery of the best means of preventing it, but it 
is not wise for potato growers to give up trying to combat it. They 
could deal with it more intelligently and successfully if they knew 
whether to spray for fungi in the form of the ‘early blight’ or the 
‘late blight’ or whether to be on their guard against a bacterial 
disease. 

“Meanwhile the only safe plan is to guard all sides. If potatoes 
rot in the field before digging, and continue to rot in the cellar, 
the disease will most likely be transmitted to the succeeding crop. 
If they appear to be sound on the outside but when cut across the 
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stem end a dark ring is seen, the disease is present, and will appear 
in the crop grown from them. 

“Since the bacterial disease may be spread by insects it is even 
more essential than has been supposed, that the Colorado. beetles, 
flea beetles and blister beetles ‘old fashioned potato bugs’ be kept 
in check. Six ounces of Paris green to a barrel of Bordeaux mix- 
ture is the best preparation for this purpose. Paris green is less 
harmful to the plants in combination with Bordeaux mixture than 
alone. The blister beetles and fiea beetles are not killed by the 
Paris green, but the Bordeaux mixture is repellant to them, and they 
do far less harm where it is used than where no application is made. 
Where the Colorado beetles are very numerous, hand picking is ad- 
visable. 

“Tf sound potatoes are used for seed, blights due to fungi may ap- 
pear, but the same remedies apply. In that case the Bordeaux mix- 
ture is more useful than if the bacterial disease alone is present. 
The poison needs to be used in all cases, for not only do the ‘bugs’ 
injure the plants but make openings for the entrance of spores of 
fungi. It is quite probable that not enough care is usually taken to de- 
stroy insects affecting potatoes, for, as above stated, they are harm- 
ful, both directly and indirectly, and unless strong efforts are di- 
rected against them, other preventive measures are likely to fail.” 


Profit from Spraying.—It is safe to say that a thorough applica- 
tion of Bordeaux mixture should be given potato vines when the 
flea beetle appears, and this spraying will have an indirect influence 
against early blight by preserving the vigor of ‘the plants.. It may 
come at such a time that it will be a direct preventive of an attack 
of this blight for a short period of time. Then the very practical 
question arises from the grower’s decision: Will it be profitable to 
continue to make thorough sprayings until growth of new foliage 
ceases—five or more additional sprayings? It would be pleasant if 
one could say definitely that such a course would pay, as we like to 
engage in profitable work. But experience teaches that local condi- 
tions must control one’s course. If he live in the lower part of the 
northern potato belt he has learned to have little fear of the late 
blight. In one year out of five he may suffer loss from it, and in 
some sections the chance of loss is very remote. But early blight is 
a cause of loss to him nearly every year. If he plants his crop 
early, the vines have filled the middles before time for an attack. If 
he were spraying, he would have made two applications of the mix- 
ture before this date to insure coating of the foliage before any 
germs developed, but several more applications must follow to keep 
all new and old growth covered, and it is difficult to do this work 
without injury to the vines, and the work is costly. If the season re- 
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main cool, the loss in unsprayed fields would be slight. If it be very 
hot and showery he should not expect with confidence immunity from 
partial attack of early blight, no matter how well he may have spray- 
ed. It is an open question, and the grower should be governed by 
his variety planted, the probable market price and his past experi- 
ence. . 

It is my personal experience that it is feasible to depend much 
upon the resistance certain varieties offer to attack of early blight. 
We now have a few varieties that will not blight seriously until a 
good crop has been made. When such are planted in a rich soil, and 
are given the best culture, the danger of loss is reduced to a mini- 
mum. If other varieties are planted, and the planting has not been 
done very early, it is usually best to give the protection afforded 
by thorough and repeated sprayings. Where late blight threatens, 
spraying is to be advised. This blight, followed by rot, is a serious 
menace to the crop in cool latitudes. The spraying will not be found 
a sure preventive unless it is very thorough, and the blight may not 
appear at all, but there is more reason for undertaking the work in 
sections threatened by it than in those subject only to attacks of 
early blight, which is difficult to ward off. 

I have no desire to detract from the importance of Bordeaux mix- 
ture as a preventive of the blights. ‘ Its use must increase as disease 
increases. But in seeking to state facts as they appear to be, an ef- 
fort is made to keep on safe ground, not urging heavy investment of 
labor and money upon all growers, but only upon those who cannot 
evade ‘loss by selection of soil and varieties, and who reasonably 
should expect frequent loss if sprayings are not given. The practive 
of spraying potatoes will increase because disease will grow more 
virulent, and there is reason for believing that thorough repeated 
spraying will prove itself in time to be financially profitable to most 
growers. One or two sprayings before the tops fill the middles is al- 
ways to be advised, as more vigor is insured. 


Tip-Burn.—In addition to the early and the late blight, there is an 
appearance of blighting of potato vines often seen that is not at- 
tributable to a fungous disease at all, but is the result of the direct 
heat of the sun, usually in connection with drouth. It is called tip- 
burn, and we take from Bulletin 49 of the Vermont Station the 
following description: 

“The disease we term ‘tip-burn’ is characterized by the death of 
the potato leaves at their tips and margins, which portions dry, 
blacken and roll up or break off. ‘This trouble has occurred quite 
commonly in Vermont during the dry, hot weather of mid-summer in 
1894 and 1895, and as before stated, it was observed to a worse de- 
gree in Michigan and Wisconsin where the drouth was more severe. 
In its earlier stages the dead tissues are often quite free from inva- 


No. 6. DEPARTMENT OF AGRICULTURE. 765 


sion by fungi, and even in the advanced stages the fungi present are 
chiefly such as live upon dead plant tissue only. 

“Tip-burn is not caused by the attacks of parasitic fungi. It is 
rather attributable to the unfavorable conditions surrounding the 
plant, especially to the dry hot weather with insufficient water sup- 
ply. It is aggravated by any other conditions which tend to lower 
the general vigor of the plant, such as insufficient food supply, and 
attacks of insects and the early blight fungus. This difficulty has 
not been observed to any serious degree upon plants until after they 
pass the blossoming period, and naturally begin to weaken. 

“As the older leaves weaken, especially the lower leaves of the 
plants, the tissues of the interior of the leaf sometimes develop dead 
spots surrounding flea beetle punctures or other injuries. These 
spots soon dry and show distinct rings and bear a general resem- 
blance to the ‘ringed spots’ caused by Paris green and by the early 
blight fungus. They may occur, however, in the absence of both 
these causes. Dr. Sturgis, describing these spots in his Report for 
1894, attributed them to the effects of dry, hot weather. We believe 
this to be the correct explanation and would therefore associate them 
with ‘tip-burn’ rather than with the true ‘early blight.’ 

“Prevention.— Effort should be made to increase and sustain the 
general vigor of the plant by proper selection of varieties, prepara- 
tion and cultivation of the soil, and protection against the attacks of 
insects and fungi. The only thing that can be done in addition is to 
irrigate in times of extreme drouth.” . 


Potato Scab.—The unsightly appearance of many tubers is due to 
scab. This is a fungous disease with which most growers have op- 
portunity of acquaintance. An immense amount of work has been 
done by our Stations in study of the disease and in attempts to pre- 
vent its ravages. Some years ago the scab was attributed by grow- 
ers and investigators to a variety of agencies, such as stable manure, 
insects, lime, etc., but the Connecticut and North Dakota Stations 
demonstrated beyond chance of doubt that the injury to the tubers is 
produced by a fungus ('‘Oospora scabies). The following statement, 
taken from Bulletin 19 of the North Dakota Station, states the facts 
concisely: 

“Potato scab is due to the growth of a fungus upon the young po- 
tato tubers while they are developing in the ground. The disease 
is communicated to the new crop by way of the seed tubers, or by 
way of the soil or old potato tops, if the potatoes are planted upon 
old ground, the germs having remained over from previous crop. If 
an old potato patch is in the near neighborhood the disease may 
also be communicated by wash water, or, perhaps, through dust 
blown from the old patch. Tf, however, there are no disease-hearing 
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tubers planted, and the ground used is ground that has never been 
used for potatoes, and care is taken that refuse from a previous dis- 
ease-bearing crop does not reach the soil of the new crop, one may 
expect it to be free from the disease. 

“Since the parasite is microscopic, one cannot be sure that there 
are no spores of the disease on the seed potatoes, though they ap- 
pear to be smooth.” 


Control of Scab.—Growers have observed that an application of 
fresh stable manure, lime, wood-ashes and similar material very 
often gives a scabby crop, and this is due to the favoring effect of 
these substances upon development of the scab fungus. They can 
not produce the disease, but they may put the soil into such condi- 
tion that the scab germs in it multiply and thrive. On the other 
hand there are materials that either destroy the germs or else create 
such soil conditions that the germs do not grow. The results of Sta- 
tion tests are very numerous and very conflicting, but the confliet 
is largely due to the variation in soil conditions, and it is now pos- 
sible to make an accurate statement of some of the truth about 
the control of this disease. 

Treatment of Seed.—The germs of the fungus may be on the seed 
to be planted, and not in the soil at all. When this is the case, a 
fair Gegree of control of the disease may be obtained by the treat- 
ment of the seed with a fungicide. Probably there is none superior 
to corrosive sublimate. Under this head I quote Professor Green, 
of the Ohio Station, Bulletin No. 76: 

“The usual recommendation for the treatment of seed potatoes is to 
soak the seed for one and one-half hours in a solution of corrosive 
sublimate, two ounces to thirteen gallons of water. This treatment 
is efficient, but so long an exposure to the solution reduces the vi- 
tality of the potatoes somewhat, varying with the variety and condi- 
tion of the seed. The matter of time at the busy season of the year 
is of considerable importance, and this feature alone often prevents 
the use of the treatment. For two seasons we have been soaking 
the seed one hour only, and find the result to be entirely satisfactory. 
Some experiments conducted last season indicates that the length 
of time may be still further reduced, without detracting from the 
value of the treatment. 

“Complaint has been heard that treated seed, if kept several weeks 
before planting, loses its vitality. This may be true if the seed be 
stored in tight boxes or barrels, without drying, but we have kept 
treated seed in crates for several weeks without injury, although in 
a cold storage room, where the risk would be less than in a higher 
temperature.” 


Later experiments have shown that forty-five minutes is a suffi- 
cient length of time. In my own experience a convenient method 
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of treatment is to use water barrels, setting them on boxes on the 
ground where potatoes are to be spread for drying. When a barrel 
has been filled with potatoes, the solution is poured on, and at end 
of treatment it is drawn off in buckets and poured into another 
barrel of potatoes while the treated barrel is overturned on the 
ground. ‘This is speedier than bagging the potatoes and immersing 
them in barrels of the solution, but the latter way may be made 
slightly less laborious. 

Scab in the Soil—When the scab fungus is in the soil, as is very 
frequently the case in old potato sections, there is no treatment of 
the seed that will insure a clean crop, but the etfects of the disease 
may be controlled in degrees varying with the character of the soil. 
Tn the first fiush of success with the corrosive sublimate treatment 
of seed, the claim was made that fertilizers and soils exercised no in- 
fluence upon the development of the disease, but this is an error. 
Seed potatoes that are suspected of any contamination with scab 
should be given treatment to kill the germs upon them, and such seed 
planted in infested soil will give a cleaner crop than untreated seed 
will give, but still the product may be unmerchantable if the soil 
conditions favor the multiplication of the germs already in it. Sus- 
cess in the fight against potato scab must depend in part upon a 
control of soil conditions that will bring the destruction of the germs 
already in it. 

It was once held that the rational means of cleaning an infested 
soil consisted in crop rotation, and such rotation is an aid, but we 
now know that the germs live in a soil six or more years without a 
potato or beet crop to feed upon. It is probable that the improve- 
inent resulting from ceasing to grow potatoes in an infested soil for 
five or six years is not caused by any “starving out” of the germs 
throngh absence of potatoes as hosts for this fungus, but is due to 
a change in soil conditions caused by some intervening crops. 

“Scouring” the Soil—My attention was called urgently to this 
matter seven years ago when one potato field in the farm had become 
so full of the scab fungus that the crop was unmarketable. There 
had been increase in scabbiness for a term of years. A farmer made 
the statement in my presence that he never failed to grow a potato 
crop free from scab when planting in land that had had a winter 
cover crop of rye. For seven years the experiment has been made 
of growing a crop of potatoes in this field on a sod of fall-sown rye, 
and the results have been very interesting in several ways. Inci- 
dentally I may say that the yield this season of the seventh succes- 
sive crop of potatoes was 285 bushels per acre, and during these 
years little had been done to aid the rye in maintaining fertility ex- 
cept to apply phosphoric acid in form of an acid phosphate. But 
the experiment was conducted in part to determine something about 
the control of scab in the soil. The seed was left untreated, and 
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ihe first crop taken off the rye sod was merchantable, though some 
what scabby. The next year the potatoes were more nearly clear of 
the disease, and in the third year the appearance of the tubers was 
excellent. Some traces of disease remained, but the extent of its 
presence was immaterial from the standpoint of a grower. I em- 
phasize the fact, however, that I used varieties most resistant of 
scab. 

This rye was plowed down each spring in the first hot days when 
the growth was about one foot high, and acid was produced by its 
decay. Experiments at the Rhode Island Station were showing 
clearly that the scab fungus delighted in an alkaline soil, or one 
treated with lime, and that it made little development in an acid soil. 
The natural inference was made that a growth of rye plowed down 
in warm weather would cause the formation of sufficient acid to pre- 
vent the growth of scab, and this remains true for some soils, but 
not for all. Some land is neutral or slightly acid, as shown by the 
litmus paper test, and any body of green vegetation rotting in it 
would produce a decidedly acid condition, unfavorable to the scab 
fungus. In the case of such soil it appears feasible to destroy the 
fungus by producing acidity in it by green manuring. 

Other land is alkaline, and, if it is so in marked degree, a green 
crop rotting in it would not produce any excess of acid. Farmers 
are aware that some land may be “soured” to the point of unpro- 
ductiveness by green manuring in midsummer while other land will 
not become “sour” through the practice. Likewise may land in- 
fested by the scab fungus be made sufficiently acid through the 
plowing down of a coat of green stutf in the spring to prevent much 
development of the fungus, while other land, strongly alkaline, 
would not be rendered acid and unfriendly to the fungus in this way. 

Lime corrects soil acidity and thus promotes development of this 
disease. It is unwise to use lime on land immediately preceding a 
potato crop, provided there are any scab germs in the soil or on the 
seed, and the same is true of fresh stable manure. 

Sulphur for Scab.—The New Jersey Station obtained some strik- 
ing results from the use of sulphur on the land at the rate of 300 
pounds per acre in the row, the seed being treated with it also. A 
series of experiments indicated that a sovereign remedy had been 
found, but tests elsewhere brought out the fact that soil conditions 
are a prominent factor, and that while the sulphur, like a green 
crop plowed down, would check the fungus in some soils, it was only 
slightly effective in other soils. 


Some Station Conclusions.—From special Bulletin “S” of the New 
Jersey Station I take the following: 
“In soil known to be thoroughly infested with the germs ca™sing 
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potato scab, the fungicidal properties of a considerable number ot 
substances have been tested during the past six years. 

“Lime, gas-lime, kainit, corrosive sublimate, sulphur, Bordeaux, 
cupram, oxalic acid, sulphate and sulphide of ammonium, bi-sulphide 
of carbon, sulphuric acid, kerosene, formalin, creolin and benzine 
have each been added to tie soil, and nearly all have had no eitect 
upon the scab. A few reduced the disease somewhat, as corrosive 
sublimate, Bordeaux and cupram, but not enough to render them of 
practical value. Lime increased the percentage of scab. 

“Of the whole list, sulphur only has yielded results which warrant 
it being recommended to potato-growers as a preventive of scab. It 
is not uniformly active, depending, probably, upon the conditions 
of soi] temperature and moisture. 

“For practical use, 300 pounds applied to the open row are deemed 
sufficient. It is also best to roll in sulphur the freshly-cut ‘seed,’ 
as it prevents rapid drying out of the water. 

“The soaking of scabbed potatoes in corrosive sublimate has not 
proved of much practical value when they were planted under the 
conditions of the experiment, namely, in badly scab-infested soil. 

“Uninfested soil may be readily contaminated by the introduction 
of scabbed potatoes or beets. The germ of potato scab, while not 
readily destroyed by boiling, seems to be largely destroyed by pass- 
ing through the digestive tract of cattle. Special exposure (ridging) 
of scab-infested soil to the elements during the winter months does 
not appreciably affect the vitality of the disease. Susceptibility to 
scab is greater in some varieties of potatoes than in others. 

“No plants, save the potato and beet (and probably the radish and 
turnip), have been found subject to root scab. All attempts to in- 
oculate various species, both wild and cultivated, many of them 
closely related to the above-named hosts, have proved unsuccessful. 

“Experiments have demonstrated that the scab fungus is actively 
retained in the soil for at least six years without the presence of 
potatoes or beets.” 


In connection with the above, I ask that a close reading be given 
the following summary of Bulletin No. 40, of the Rhode Island Sta- 
tion, believing that the results stated make plain much truth about 
this fungous disease: 

“The results from the use of sodium compounds and oxalic acid 
in connection with barnyard manure confirm those obtained in 1895, 
viz.. common salt (sodium chlorid) tends to lessen the amount of 
scab. Soda ash (sodium carbonate) tends to increase the scab. Ox- 
alic acid tends to lessen the scab when used with barnyard manure 
only or when common salt or soda ash is present. 

“2, A scabless product was produced where calcium chlorid or land 
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plaster (gypsum) was used. Calcium chlorid had a marked poison- 
ous effect upon the potato plants and nearly destroyed them. Land 
plaster appeared not to have increased, and it may have lessened, 
the yield slightly. Where calcium at the same rate as in the cal- 
cium chlorid and land plaster was applied to the form of wood 
ashes, air-slacked lime, calcium carbonate, calcium oxalate and cal- 
cium acetate, the vigor of the plants and the yield of tubers were 
wonderfully increased, but the crop was so badly scabbed as to be 
worthless. 

“3. Where the fertilizer was used without any lime compounds no 
scab resulted, showing that the acid soil must have rendered dor- 
mant or destroyed the scab fungus introduced on the scabbed seed 
tubers of the two previous years. 

“4. The treatment of the seed tubers with a 1 to 1,000 solution of 
corrosive sublimate for one and one-half hours was utterly useless 
where the soil was favorable to the disease and where it was already 
badly contaminated by two preceding lots of scabbed seed tubers and 
scabbed crops. In other experiments by us heretofore where the 
soil was favorable to the disease, but where little or no contamina- 
tion already existed, Bolley’s corrosive sublimate treatment proved 
highly effective. It is probable that some germs escape even this 
treatment, but fewer, of course, where the seed tubers are not scab- 
bed, so that there is danger if potatoes and root crops are grown fre- 
quently that serious contamination may nevertheless result event- 
ually. The necessity, on land intended for potato growing, of avoid- 
ing the frequent use of fertilizers which tend to make the soil more 
favorable to the development of the scab fungus is therefore obvious. 

“5. The materials which favor the scab and which are at times 
applied to land are: Stable manure of all kinds, wood ashes, air-slack- 
ed or caustic lime and carbonate of soda (soda ash), potash, lime 
and magnesia. 

“6. The materials which do not tend to make the scab and which 
may decrease it, are most commercial fertilizers, seaweed, potash 
salts (excepting potassium carbonate), land plaster, common salt 
and ammonium sulfate. Sodium nitrate (Chili saltpeter), if used in 
large quantities, may favor the scab eventually, but from the 
amounts usually applied no serious results would be expected to fo!- 
low. In case a soil were badly contaminated and favorable to the 
disease, super-phosphate, ammonium sulfate, kainit, sulfate and mu- 
riate of potash are materials which, applied as fertilizers, would 
tend gradually to alleviate the conditions. 

_ “7, Sulfur when mixed thoroughly with the upper seven to eight 
inches of a badly contaminated soil favorable to the disease, though 
checking the scab somewhat, was practically useless. 
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“8. The treatment of seed tubers by rolling in sulphur and sprink- 
ling the balance in the row at the rate of 300 pounds per acre is 
claimed by Halsted to be quite effective. The use of the very poison- 
ous corrosive sublimate solution would be thereby avoided, yet the 
additional expense of the sulfur over the corrosive sublimate treat- 
ment for this purpose militates against its use in that way where 
potatoes are grown at the present low prices. 

“9, The marked acidity (sourness) of soils, or the absence of car- 
bonates in them, seems to indicate their ability to produce a scabless 
product even when untreated seed tubers are used.” 


OUR CONCLUSIONS. 

When danger of scab threatens, all seed should be treated with 
corrosive sublimate or Bordeaux mixture before planting, and the 
land should not be given an application of fresh stable manure or 
lime within a year of planting. Rotation of crops is desirable. If 
the soil is infested with the fungus, an attempt should be made to 
produce some acid in it by plowing down a green crop, like rye, in the 
spring. Lime should not be applied. Rolling the cut seed in sulphur 
before planting and applying 300 pounds of sulphur in the row, may 
give good results. Some varieties of potatoes are much more subject 
to injury from this fungus than others are. Select resistant varie- 
ties. 

On the other hand continuous planting of potatoes and the use of 
manure will not bring scabby crops if the fungus germs are not 
present, or if they are kept in control by the acidity of the soil. Clean 
seed, made so by treatment of good tubers with the solution of 
corrosive sublimate, and selection of resistant varieties do much to 
save from loss. Drainage is an aid, in that it removes a surplus of 
moisture. Experiments with irrigation of potatoes indicate that 
water favors scab development, and in our own experience the dis- 
ease is worse in wet seasons than in dry ones. Early digging is ad- 
visable when scab is present. While most scientists regard the 
worst roughening of the skin as an effort of nature to heal the injury 
made by the fungus, yet there is evidence that the injury continues 
efter maturing of the tubers when left in the ground. Exposure to 
light checks its work. The budding of seed in the sunlight before 
planting destroys the vitality of the germs. 


Rhizoctonia.—A disease that is new to potato-growers in this 
country is appearing in fields in many States. In the annual report 
of the New York Station for 1900, attention is called to it, and we 
Jearn that it was observed over ten years ago in Iowa. In 1900 I 
found the disease in one of my fields, losing two-thirds of the crop by 
its ravages, and learn from our Station workers that it is the soil 
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fungus, rhizoctonia, which attacks the roots and stems of many cul- 
tivated plants. The first indication of its presence is found in the 
wilting of the leaves in the buds. ‘The edges turn inward, giving the | 
plant a lighter appearance. The wilt continues, and examination of 
the stem shows discoloration. The presence of the fungus in the 
stem appears to shut off the circulation of the sap, and in bad cases 
the yine will turn yellow quickly. In other cases, the injury to the 
stem may be sufficient only to dwarf the growth of the vine. The 
fungus may attack the stems that feed the tubers, checking their 
growth and giving only small potatoes from large vines. In 1902 
this disease again attacked a field of potatoes on the farm and gave 
pronise of most severe injury, but it was checked by some unknown 
means—most probably by a period of cool, dry weather—and while 
some plants were too badly affected to recover, a majority did so, 
losing the wilted appearance and giving a good yield of large tubers. 
It is known that the germs are transmitted on the seed, and that 
when they are in the soil it may remain infested for many years. 
Station authorities advise treatment of the seed with corrosive sub- 
limate and liming of the land. The spraying of affected vines with 
eny fungicide can not affect the disease which is lodged inside the 
stem of the plant. 


HARVESTING AND STORING. 


Potatoes keep best when they can be left in the ground until 
the cool nights of September, if the season is dry. In a very wet 
season, ripe potatoes left in the ground may make a second-growth, 
sending up sprouts from the eyes, and there is danger also of rot. 
But it is not easy to keep potatoes stored in quantity in very hot 
weather, and it usually is better not to dig until early in the fall 
unless the crop can be marketed at once. Just as soon as the nights 
become cool, the potatoes can be stored safely in piles in the field 
under a covering of straw, or in cellars. Amy tubers cut by steel 
in digging should be taken out of a lot intended for early storage 
as they will rot in a warm splace. This is equally true of potatoes for 
early shipment to a distant market. 

Diggers.—Formerly the crop was dug largely with hoes, hooks 
and forks, but the lack of cheap labor has brought a number of kinds 
of good implements for harvesting the crop. In loose soils, and es- 
pecially with shallow planting and ridge culture, some of these dig- 
gers do nearly perfect work. The best digger is one that lifts up 
all the soil in the row with the potatoes, sifts the soil back into 
the furrow it makes, and leaves all the tubers lying on the surface. 
The digger that elevates the mass of earth in the row, and gives 
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time for thorough sifting before the potatoes are dropped upon the 
ground, does the best work, but it is, of course, at the expense of 
extra power. Such diggers are expensive, but in loose soils they 
soon repay their cost. There are cheaper diggers that do excellent 
work under favorable circumstances. In the selection of a digger 
the n.atter is one of arithmetic largely. The cheaper the price, the 
fewer facilities it has for sifting the soil away from the tubers, 
as a rule, and one must be governed by the acreage he has to har- 
vest, and the market price of potatoes and of human labor. 

For heavy soils in which potatoes are planted deep, it is not pos- 
sible to have a digger that will be easy on horses, and yet do satis- 
factorily clean work. There is a large volume of soil to be moved 
by the digger, and there is difficulty in securing a perfect separation 
of the potatoes from the soil. It is not our purpose to call atten- 
tion to the merits and demerits of any of the diggers now on the 
market, but to remind growers that soils and methods of planting and 
of culture vary so much that no investment should be made without a 
field trial. Clean work should be made a leading consideration, as 
we want to secure what we have produced, but the power required 
and the wearing qualities of the emplement should be taken into ac- 
count. 

Potato Boxes.—In great potato-growing sections years ago it was 
a common practice to pour bulk potatoes into wagon-beds, and to 
shovel them out into baskets when unloading. This primitive 
method was laborious, and did injury by bruising the tubers. Po 
tato boxes have now come into common use in many districts. They 
are made of light material, preferably bass-wood, or similar wood. 
The boards for sides and bottom should be three-eighth inches in 
thickness, and the ends one-half. The size of box should be such that 
it will contain 2,688 cubic inches, level full. The legal bushel 
measure for grain contains 2,150.4 cubic inches, and in measuring 
roots or potatoes the rule is to heap the half-bushel measure suffi- 
ciently to add one level peck to the two level half-bushels. Five 
level pecks, or 2,688 cubic inches, are the equivalent of two rounding 
half-bushels, and of a level potato box rightly made. The following 
dimensions are the ones used by a leading manufacturer of these 
boxes: Twelve and one-half inches deep, thirteen and one-half inches 
wide and sixteen inches long. This gives exactly 2,700 cubic inches. 
This size probably is more convenient than any other that could be 
devised. The length of two boxes is near the width of the ordinary 
wagor-bed, leaving only room for the hands when putting them into 
position, and, when empty, one box can be placed inside of two 
others, economizing space. With high side-boards on the wagon- 
bed it is convenient to tier up sixty bushels when drawing from the 
field to the cellar, or to market, but the extensive grower may prefer 
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aloug platform that will hold twenty or more boxes in a single tier. 

The home-made box is usually less satisfactory. It is made rarely 
of the best light material, and when one takes into account the num- 
ber of times the boxes must be handled, he may see the advantage of 
having the very best. Manufacturers furnish solid boxes that weigh 
only seven pounds, are exact in size, trim in appearance, and will 
last for fifteen or twenty years, if cared for properly. Other boxes, 
slatted on ends and sides, are furnished at a less price, and are less 
substantial. The boxes, bought in crates of a dozen, cost about 
eighteen cents a piece for the solid ones and fourteen cents for the 
slatted. 

The potatoes are picked up after the digger and placed into the 
boxes, the unmerchantable tubers being left on the ground. When 
a load is ready, the boxes are handed up to the driver of the wagon, 
and while he takes the load to the car, cellar or other place of stor- 
age, another load is made ready by the pickers. Returning, the 
driver puts his empty boxes out, takes on his load of full ones, and 
the work proceeds with a minimum amount of handling. If the po- 
tatoes are drawn directly to consumers, neat boxes for handling them 
are a good advertisement as well as a means of saving labor, time 
and injury to the stock. 

When good seed, cut to two eyes, has been planted in good ground, 
and the tillage has been right, the number of unmarketable potatoes 
usually is small, and many years we do not pick them up. It is the 
practice of some growers to pick up all sizes together and then to sort 
out those that are not merchantable, using the best of these for plant- 
ing and the remainder for stock feed. As has been said in another 
place, the small tubers are not the most desirable for use ag seed. 
If there is a considerable proportion of the crop that is too small for 
market, it should be gathered from the ground after the merchant- 
able potatoes have been taken up. 

Storing Potatoes.—Winter storage should not be provided until 
the weather is cool. If the potatoes are put into large bulk in cel- 
lars, pits, or piles on the ground in hot weather, they will sprout 
quickly in a warm winter. In the case of seed potatoes, I have found 
it wel! to store temporarily in cellar in the fall, moving them outside 
for burying when the weather is cold. A good plan is to scatter 
some straw over the ground intended for their burying, and then 
wait for a freeze. Remove the straw when the temperature is above 
freezing, and put the potatoes into narrow ricks on the unfrozen 
ground. Cover to a depth of six inches with dry straw, and then put 
on six inches of earth. This covering of soil will freeze quickly in 
cold weather, and then another covering of straw should be added, 
and on this soil manure or corn-stover may be placed. With this 
method, the potatoes are cool when buried and the ice in the under 
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covering of earth is held in it throughout the winter, giving a very 
good and cheap cold storage until time for early planting. Farther 
north, the more complete protection by pits is desirable. Storage of 
seed in ordinary cellars does not give good results in warm winters. 
A cold-storage building may be provided, having warm walls, and 
good means for ventilation in cool nights of spring and for exclusion 
of the warm air of mid-day, and potatoes may be kept unsprouted 
thus without any ice until quite late in the spring. Make the walls 
double, with dead-air space between them, have the floor proof 
against rats and water, and admit the cool air through chutes under 
the bins, letting the warm air pass out through a ventilator. When 
the room has been filled with cold air, close tightly. The temperature 
should not be permitted to drop below thirty-five degrees Fahren- 
heit for any great length of time. That is near enough the freezing 
point for safety. Chilled seed is as unsafe for planting as heated 
seed, and either invite loss and disappointment. Darkness is es- 
sential to the proper keeping of potatoes for seed or eating. 
Shrinkage in Storage.—Potatoes lose in weight rapidly for a few 
days after the digging, either when left in boxes or put into piles in 
field or cellar. The greatest product is gotten by immediate market- 
ing. After the sweating they undergo in the bin or pile, the loss is 
not great until a tendency to sprout manifests itself. Then shrinkage 
occurs either through the sprouting or the stirring given to prevent 
sprouting. The amount of shrinkage is so dependent upon variety 
and kind of storage that no figures of special value can be given. 
Roughly speaking, the shrinkage in cellars from storing time until 
spring is eight to fifteen per cent. In cold pits it may be less. In 
warm cellars the loss, including normal decay of cut or bruised 
tubers. sometimes exceeds fifteen per cent. by the first of May. 


POTATOES AS FOOD. 


Professor Storer, in his valuable work on Agriculture, remarks 
that “it has been said that the famines which formerly devastated 
Kurope became much less frequent after the potato was cultivated 
as a field crop. Before the introduction of the potato it happened 
constantly, every six or eight years, that somewhere on the continent 
of Europe the inhabitants of large tracts of Jand suffered from dearth 
because their grain crops had failed.” 

According to Dr. Langworthy, the potato is probably a native of 
Chile, being introduced into Europe between 1580 and 1585, and into 
our country about the same time. Its food value was quickly appre- 
ciated, and it is a staple article of diet. From the year-book of the 
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Department of Agriculture, I quote the following, by Dr. Lang- 
worthy, of the Office of Experiment Stations: 


“Cooking of Potatoes.—Although the potato owes its nutritive 
value principally to carbo-hydrates, it will be remembered that it 
contains some nitrogenous matter also. According to the investiga- 
tions of Lawes and Gilbert, the juice of the potato contains more 
proteid or albuminoid nitrogen than the flesh. This is an important 
matter, since albuminoid nitrogen is more valuable for the body than 
non-albuminoid nitrogen. In general, it may be said that 85 per 
cent. of both protein and mineral matter in the potato (the latter 
being valuable for dietetic reasons, though not a nutrient) is in the 
juice. More or less of the juice of any food may be accidentally 
lost when it is prepared for the table; and the possibility of loss in 
cooking, due to this and other factors, is a matter of importance. 
Any sugar or other soluble carbo-hydrates might be removed if po- 
tatoes were cooked by boiling. No considerable loss of starch as 
such is to be expected, since starch is insoluble in water. Some 
starch is changed to a soluble body, dextrin, a sort of sugar, ‘by the 
action of dry heat, possibly also when water is present. 

“The principal ways of cooking potatoes are baking, boiling and 
frying, or some modifications of these processes. The objects sought 
are principally to soften the tissues and render them more suscep- 
tible to the action of the digestive juices and to improve the flavor. 
Just why cooking changes the flavor, as it does, has apparently never 
been made the subject of investigation. In potatoes, as in other 
foods, the cooked starch is more agreeable to the taste than the raw. 
Possibly also ‘there are volatile bodies of more or less pronounced 
flavor, which are removed or produced by the heat of cooking. The 
physical condition of the potato is much affected by heat. In the 
raw potato the separate starch grains are inclosed in cells with walls 
composed of crude fiber, a material resistant to digestive juices. If 
potatoes were eaten raw, the digestive juices would not reach the 
starch as easily unless the cell walls happened to be ruptured me- 
chanically, as in mastication. Heat, however, expands the water 
present, ruptures the cells, and breaks up the starch, expanding the 
granules, which, when raw, consist of tightly-packed concentric 
layers, to a mass of much less solid structure. 

“The albuminoids in foods are coagulated by heat, and so are 
rendered insoluble in water in which food is cooked. This explains 
why foods, meat especially, should be plunged into boiling water if it 
is desired to retain the albuminoids. The heat at once coagulates 
the albumen on the surface, thus preventing more or less completely 
the extraction of materials in the inner portion. It seems probable 
that this reasoning would apply to potatoes as well as to meat, al- 
though they contain much less albumen. The effects of cooking po- 


No. 6. DEPARTMENT OF AGRICULTURE. 767 


tatoes by boiling in different ways were tested not long ago at the 
Minnesota and the Connecticut (Storrs) Agricultural Experiment Sta- 
tions. The potatoes were boiled in distilled water, limewater, and 
alkaline water; part were boiled in water hot at the start and part 
in water, cold at the start. In some cases the potatoes were peeled 
before boiling and in some cases this was not done. In two tests the 
peeled potatoes were soaked before boiling. The total loss of ma- 
terial (dry matter) ranged from 6.5 per cent. of the total amount pres- 
ent in the casc of the peeled potatoes soaked before boiling to 0.2 or 
0.8 per cent. in the case of the potatoes boiled with the skins on. 
The greatest loss of total nitrogen and ash were also found when 
the peeled potatoes were soaked before boiling; least when this 
was not done. Whatever the method of boiling, little of the carbo- 
hydrates was lost. From the experiments as a whole, it may be 
said that when potatoes are boiled with the skins removed there is 
a very considerable loss, not only of organic nutrients, but also of 
mineral salts. To obtain the highest food value, potatoes should 
not be peeled before cooking. When potatoes are peeled before 
cooking and placed directly in hot water and boiled rapidly, less loss 
of materials is sustained than when they are cooked in water cold 
at the start. If potatoes are peeled and soaked in cold water before 
boiling, the loss of nutrients is quite considerable; in the case of 
proteids, being equal to one-fourth of the amount present. The 
loss in a bushel of potatoes thus cooked would be equivalent to the 
albumen in a pound of sirloin steak. When potatoes are boiled with 
the skins removed the greatest actual loss of nutrient seems to be 
due to the mechanical abrasion of some of the soft outer portions 
while cooking. In the experiments at the Connecticut (Storrs) Agri- 
cultural Experiment Station it was found that nearly three per cent. 
of the carbo-hydrates and four per cent. of the albuminoid material 
were lost when potatoes were thus cooked. When the potatoes were 
boiled with the skins on, the loss of nutrients was very slight, con- 
sisting chiefly of non-albuminoid nitrogenous substances and mineral 
matter. It is, therefore, evident, if it is desired to boil potatoes with 
as little loss as possible, that the skins should be left on. 

“Comparatively speaking, there are probably few cases in which 
it is necessary to take account of the losses due to different methods 
of beiling potatoes and where the possibility of loss would out- 
weigh the liking for them prepared in some particular way; but in 
institutions where a large number must be provided for, and, in 
fact, under any condition where rigid economy is necessary, the mat- 
ter may assume considerable importance. 

“An extended study of the relative composition of large, medium, 
and small potatoes, and of the different parts of the tubers and of 
the taste and culinary properties, was recently reported by Condon 
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and Boussard, two French scientists. The authors believe that the 
culinary value of potatoes is directly proportional to their nitrogen 
content and inversely proportional to their starch content. The dif- 
ferent varieties of potatoes were found to vary greatly in their re- 
sistance to boiling, some retaining their form completely, while 
others were almost wholly disintegrated. The opinion was ad- 
vanced that resistance to boiling depends principally upon the rela- 
tive amount of albuminoids present. No definite relation was ob- 
served between chemical compesition and early maturity. Gener- 
ally speaking, the early varieties contained more water and nitroge- 
nous materials and less starch than the late varieties tested. 

“As regards chemical composition, it may be said in general that 
boiled potatoes contain a little less water than raw potatoes, and ex- 
cept as this changes somewhat the proportion of nutrients, they dif- 
fer little in composition from the raw. Mashed potatoes, if they 
are not seasoned, must necessarily have the composition of the un- 
mashed boiled potato, making allowance for the small proportion of 
water which would probably be lost by evaporation in mashing. 
When milk, cream or butter is added to mashed potatoes in prepar- 
ing them for the table, the nutritive value is increased, though the 
chief reason for adding such materials is doubtless to improve the 
flavor. This is also the reason why salt and pepper are added. 
Baked potatoes have practically the same composition as the un- 
cooked, some water being lost by evaporation. When potatoes are 
fried, as in making potato chips, they lose by evaporation much of 
the water present and absorb more or less fat. They, therefore, have 
a higher nutritive value, pound for pound, than raw potatoes. Po- 
tato chips have been found, by analysis, to contain two per cent. 
water and 39.8 per cent. fat, as compared with 78 per cent. water and 
0.1 per cent. fat when raw. The many ways of cooking potatoes, 
with or without the addition of other materials, which are described 
in books devoted to cookery, are, in principle, modifications of those 


already alluded to. The wholesomeness of potatoes cooked in differ- — 


ent ways is largely a matter which each must decide for himself, the 
general experience being that for men in health most of the methods 
followed are satisfactory. 

“Evaporated potatoes are now on the market, being especially rec- 
ommended for provisioning camps and expeditions. As compared 
with fresh, the evaporated potatoes have a high nutritive value in 
proportion to their bulk. This is the case with all evaporated foods, 
such material having been concentrated by the removal of a large 
proportion of the water originally present.” 


Potatoes for Live Stock.—Many experiments have been conducted 
to determine the value of potatoes for feeding to farm animals. It 
is found that they have a value as an aid in digestion of dry feeds 
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that may exceed their own actual food value. The potato is largely 
water, and in the feeding of thousands of bushels to horses, cattle 
and sheep, we have been led to believe that a bushel of corn at forty 
cents is as cheap feed as potatoes at ten cents, excepting such small 
amount as may be needed to aid digestion. Experience and Station 
experiments indicate that potatoes should be cooked for hogs and 
poultry, but that they may be fed raw with profit to horses. csttle 
and sheep. 
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THE MANAGEMENT OF GREENHOUSES. 


By ERWIN LONSDALE, Wyndmoor, Pa. 


INTRODUCTORY. 


While greenhouses for the growing of a general collection of plants 
have long been in use, commercial greenhouses for the growing of cut 
flowers, especially for winter, are of comparatively recent develop- 
ment, dating back not much more than twenty-five years in Penn- 
Sylvania. 

In the spring of 1880, an establishment was started near Phila- 
delphia—modest in its proportions, it is true—in which to grow cut 
flowers to be disposed of under wholesale arrangements. There 
were three greenhouses, each one hundred feet long. The one for 
roses was twenty-three feet wide. In that house were grown five 
varieties, namely: Safrano, Isabella Sprunt, Bon Silene, Niphetos 
and Perle des Jardins, none of which are grown in any quantity for 
winter blooming at the present time in or near to the larger cities. 
Another house was for Carnations, and the variety grown was prin- 
cipally, King of the Crimsons. This variety found ready sale on ac- 
count of its color to help out the celebrated crimson rose, General 
Jacqueminot (“Jack”), which was at the height of its popularity 
about that time. The third house was devoted entirely to Smilax, 
botanically known at that time as Myrsiphyllum asparagoides ; 
now, according to Bailey it is classified as an Asparagus, A. 
medeoloides. At this time little or no other green was grown 
to associate with flowers, excepting, possibly, Maidenhair 
Fern— Adiantum cuneatum—and that in very limited quantity. This 
house contained about 3,500 plants, which proved at that time to be 
more than Philadelphia could use to advantage. Florists in the 
cities of New York and Washington, however, were only too glad 
to take-the surplus, and for several years, florists of the two cities 
named depended largely upon this establishment for much of their 
Smilax supply. Smilax was at that time an excellent paying crop, 
frequently yielding one dollar per square foot, which is considered 
very profitable. . 
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Other greens have come since that time which are more popular 
than the older Smilax, as Asparagus plumosus nanus, and A. Spren- 
gertx the former of which twines itself on strings as does the Smilax, 
and houses very high are built especially for its cultivation; whereas, 
Sprengerti grows in plumes or sprays and are cut in lengths from nine 
to eighteen inches, and are sold in bundles of about twelve plumes 
each, averaging about fifty cents per bunch. 

Asparagus tenuissimus, known to some extent as ‘“Mermaid’s 
Hair,” was the first to dispute the position occupied for so long by 
Smilax, but for some reason it seems to have entirely gone out of 
cultivation, especially about the larger cities. According to Bailey, 
tenuissimus is a variety of plumosus nus; which would never be 
suspected by the casual observer. Mermaid’s Hair, describes it very 
well, being very finely cut indeed, resembling greenish mist. 

Another green grown is the Adiantum Farleyense, the Queen of 
Maidenhair Ferns, and it richly deserves that name. No fern, how- 
ever, at present in commerce, is so well suited to go with flowers as 
are the different varieties of Aspargus on account of the tendency to 
wilt so soon. There is, however, anew Adiantum (Maidenhair Fern) 
to be sent out soon which is similar to Adiantum cuneatum, and is 
far superior to any other in its lasting qualities’ after being cut, and 
for that reason when it becomes better known must become popular. 
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GREENHOUSE PLANTS AND VARIETIES. 


It can hardily be questioned, I believe, that the growing of 
plants in the window was the fore-runner of the greenhouse struc- 
tures of to-day, in which to shelter exotic and other tender plants 
from frost and to force flowering plants into bloom out of their 
natural season. Great improvements have been made in the build- 
ing of greenhouses during the past twenty-five years; especially does 
this apply when used in fioriculture and the growing of plants for 
decorative purposes, which come under the head of ornamental hor- 
ticulture. 

The first greenhouse built would, it is natural to suppose, be an 
attachment to a residence, and in those early days what are termed 
“Jean-to’s” were the most generally in use. The term “lean-to” means 
that the wall, which was a part of the residence, upon which the 
greenhouse appeared to lean was utilized as one side of the struc- 
ture, and the sash-bars were secured at the top to the house side and 
at the lower end to a wall low enough to give the necessary angle to 
allow rain and snow to fall naturally therefrom, and at the same 
time to give the sun an opportunity to reflect his life-giving rays 
therein. And the methods employed in these days also are to build 
greenhouses to catch every possible sun ray, that is to say, when such 
a structure is erected for the purpose of producing flowers in the 
more or less frosty nights and cloudy days of winter, with some ex- 
ceptions, which will be noted in due course. 

The variety in styles of greenhouses now in use is almost infinite. 
Indeed each individual has his own ideas which he has naturally em- 
bodied into a plant-growing structure. 

In regard to growing plants under glass, fiowering plants are es- 
pecially in mind. Among the most popular flowering plants for cut 
flower purposes to-day that are hardy, or very nearly so, we note 
here. 

We will place the Rose first, and with very slight protection from 
severe frost, all the popular varieties used in the winter season are, 
speaking generally, hardy. That is also true to a great extent with 
the Carnation and the Chrysanthemum; and in the Lily of the 
Valley it is quite true as to its thorough hardiness, and which, by the 
way, may be had in flower, if due notice is given, on any day at any 
time of the year. This is brought about by a systematic arrange- 
ment with cold storage, in which to keep the roots dormant until 
the proper time. 
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We have the exotic Orchids for cut flowers, but Roses are really 
the most popular flowers before the public at the present time, and 
observers of events feel they can safely say that the Rose, the “Queen 
of Flowers,” will for all time hold the affections of the people. 
To the laymen, if I may be allowed to so designate those who are not 
in close touch with the forcing of Roses for cut flowers commercially, 
it may seem strange when I say that out of hundreds of species and 
varieties and of Roses in and out of catalogues and books of refer- 
ence, there are less than a dozen which are recognized as being both 
profitable and popular for the purpose indicated. 

As to varieties, American Beauty stands first on the list. Its 
cerise color is too well known to need anything more than a passing 
mention here. Its sweet June Rose scent endears it to all, besides 
being a Rose which when well grown may be cut with almost any 
length of stem desirable. For special purposes, flowers with stems 
eight feet long have been cut—these are the most expensive of any; 
not that the individual flower is any better on these extremely long 
stems than on shorter ones, because they are not. Frequently the 
flowers on a stem a foot long or even shorter will be equally as per- 
fect in form, size, color, and, of course, fragrance, as those with a 
much longer stem. It is the scarcity of these very long stemmed 
fowers, and the special uses to which they may be put, which makes 
them more yaluable and consequently higher in price than the 
shorter ones. This Rose may be bought all the way from one dollar 
to twenty-five dollars per dozen, according to the season of the year 
and the length of stem and quality of the flower, but the fragrance, 
bear in mind, is always found in the flower no matter how long 
or how short the stem or how far from perfect may be the flower in 
form. 

The origin of American Beauty Rose isin doubt. A claim is made 
that it was discovered in the garden of the late historian, George 
Bancroft, at Washington, D. C., who was a great lover of Roses 
and had a collection of numerous and choice varieties. It was the 
gardener for Mr. Bancroft who discovered it first, but whether he 
thought he could see that it possessed a possible forcing quality or 
whether by accident it was found out, has not to my knowledge been 
placed on record. Certain it is that more area under glass is devoted 
to its culture for the large cities, as Philadelphia, New York, Chicago 
and Boston, than all the other varieties of winter forcing varieties 
combined. 

Although we owe much to the florists of Boston for having been 
the pioneers in the development of Rose forcing in general, yet the 
American Beauty, for some unaccountable reason, has not in the 
past been grown thereabouts so successfully until the past 
year or two when better reports have been recorded; consequently 
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the Boston retail florists have been depending upon the Rose growers 
about Philadelphia and some other localities for the greater part of 
their supply therefor. There are evidences, however, that many 
more of the flowers of the American Beauty will be home grown for 
the Boston supply in the future than there bave been in the past, for 
some immense structures have been built near to that city for the 
purpose indicated during recent years. Rose houses 750 feet 
long and 25 feet wide have been built within the past two years, 
in which, we believe, only American Beauty Roses are grown.* 
When the American Beauty received so much attention in the 
American horticultural magazines, the European horticulturists 
naturally became interested, and, in consequence ,ordered plants of 
same. In due course these plants flowered, and thereupon a French 
nurseryman recognized in it an old variety by the name of Mme. 
Ferdinand Jamin, and duly spread the information broadcast in all 


languages where advanced horticulttre is known. This, as a con. 


sequence, temporarily at least, gave American nurserymen a had 
name—that of renaming an old variety and redisseminating the 
same, thus causing much confusion in Rose nomenclature, besides 
placing American disseminators of floricultural novelties under the 
ban. In the case under consideration it was purely unintentional. 
3esides, if it is in any way consoling, the European distributors of 
novelties have been guilty of the same kind of “slips’—that of re- 
naming and redisseminating old warieties under new names. 

An old friend of mine, fifteen years ago, in the columns of the 
American Florist, made the statement that American Beauty was 
the best Rose introduced for the past twenty years, and although 
he was ridiculed to some extent then, nothing but the truth 
was stated as time has proven. The grand blooms of this Rose 
that have been produced since were not dreamed of at the time 
the statement was made, but the improved methods of culture and 
a more exacting demand as to quality for all classes of flowers has 
helped along the good work. 

From the American Beauty Rose has sprung two varieties, namely: 
“American Belle” and the “Queen of Edgely.” Both originated as 
what are known among gardeners and florists as “sports,” that is 
to say, a shoot produced a flower that was distinct from those pro- 
duced by the parent plant. Cuttings, “slips” or scions were made 
from said shoot, and in due course plants and flowers resulted there- 
from which proved to be sufficiently distinct to warrant the adopt- 
ing of a different name. The color of the fiowers of both sports, 
or, aS Darwin would call them, “bud variations,” were nearly 


=~In Connecticut during the present Summer (1902), a rose house 800 feet long by 50 feet wide was 
built, in which are now growing American Beauty Roses for the Boston market. 
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alike, being pink and very much lighter in color than those produced 
on the original American Beauty, though the general habits of the 
respective sports were very different. 

The Queen of Edgely is similar to “Beauty” in all respects except- 
ing the color of the flowers, whereas in “Belle” there is a decided dif- 
ference, which is noticeable at a glance; the leaves are smaller and 
the variety is less vigorous than either of the other two, consequently 
more difficult to manage, and that is why the American Belle has 
never become popular with the growers of cut flowers for market. 
Many experts believe that had it possessed the strong vigor of either 
its parent or its sister-sport, the Queen of Edgely, it would have been 
grown in almost as large quantities as the American Beauty 
and as the “Queen” is expected to be grown. The latter was 
only introduced to general cultivation during the spring of 1901, 
whereas, the American Belle was disseminated in 1893. Both the 
American Belle and Queen of Edgely originated in Pennsylvania; 
the former, near Chestnut Hill, in Montgomery county, and the 
latter, near Bristol, Bucks county. 

Other varieties of roses which have found favor with both flower 
buyers and the growers of roses, are the Tea-scented roses, Brides- 
maid pink and the white one, Bride; and, strange as it may appear, 
beth these originated as sports and both from the same source, name- 
lv from a rose sent out from France in 1869, named Mlle. Catherine 
Mermet, which has been almost entirely superseded by its offspring, 
Bridesmaid, which is a brighter pink and more constant in its color- 
ing. Two other varieties sported from “Mermet,” namely, “Waban” 
and “Maid of Honor,” both a darker pink in color than the original 
and more flat in form, neither of which became popular. The Bride 
appeared in 1885, and Bridesmaid in 1892, both in New Jersey; 
Waban appearing in Massachusetts and Maid of Honor in Ohio. 

“Golden Gate” is of American origin, and is another very satis- 
factory rose tu grow, having a strong constitution and produces its 
beautiful buds plentifully. Its name is a misnomer, however, being 
neither yellow in color, nor did it originate near to the Golden Gate 
in California, but was raised from seed about the year 1890 by a Mr. 
Little, of New Orleans, La. In color it is creamy white, with a sug- 
gestion of yellow at the base, delicately tinted at the edges of the 
petals with pink. This variety has also sported a white form which 
has been named “Ivory.” Its real value is not at present well 
known as it is not yet in general cultivation. It will be sent out dur- 
ing the present year (1902). It, however, is full of promise. 

The “General Jacqueminot” or “Jack’—is not so much grown for 
winter blooming as it at one time was, being a one crop rose, and in 
order to try to keep up a continuous supply, several houses had to 
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be grown of it and started at intervals of two weeks or so with that 
object in view. “Meteor,” being crimson in color and everblooming 
in character, has largely taken its place. It is, however, not 
so good a rose as the older favorite in any way, except- 
ing in its perpetual blooming qualities. It has little or no fragrance, 
and it is not so large nor so good in form, nor is it so pleasing in its 
crimson coloring. This rose was raised from seed in England. A 
newer crimson-colored variety, known as “Liberty,” was distributed 
for general cultivation during 1900, which is very much superior to 
Meteor in every way, excepting that it is not such an easy doer, be- 
ing more difficult to manage, but is giving excellent results with some 
growers. Liberty was a seedling raised in Ireland. 

“Perle des Jardins,” a yellow tea-scented rose of French origin, 
was sent out in 1874, and for a number of years was very popular, 
leading all others for a few seasons and entirely superseding 
“Marechal Niel,’ a yellow rose blooming in crops with rampant 
growing tendencies, so much so that special houses were built in 
which to develop its peculiarities. Although the “Niel” was a large 
flewer and a beautiful shade of yellow, the very short stems upon 
which the blooms appear would debar it on social and general oc- 
casions in these days of long, stout and erect stemmed roses, and 
would find little or no favor now, excepting possibly on special ocea- 
sions. 

From the “Perle” quite a number of sports have originated. The 
first was “Sunset,” which appeared near to Jersey City, N. J., about 
the year 1880, and was a fawn shade of yellow in color, and the 
leaves on the young growth had a more reddish tinge than appears on 
the older Perle. This also became quite popular. “Senator McNaugh- 
ton,” a creamy white in color, originated in Philadelphia, but was 
not grown to any extent because it was not nearly so good in any way, 
save possibly in its free blooming qualities, a feature which distin- 
guishes the most popular white rose to this day for winter blooming 
ever introduced, namely, the Bride. Another sport came from Can- 
ada, but this I am inclined to think sported from Sunset, and was 
called Lady Dorothea; the coloring was more intense in the latter 
than the former. Pink Perle and White Perle were announced from 
Kentucky, but neither made any impression upon the trade for cut 
flowers. “Sunrise” was one of the novelties among roses last 
year (1901). It is a European production and is very beautiful. 
It may be a sport from Sunset, as it has the same general habit as 
that variety, both in foliage and coloring of the flowers, but very 
much intensified. This variety has also sported. It perhaps would 
be safest to say, reverted, for so far the flowers produced on the 
sported branch are apparently identical with Perle des Jardins. 
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“Mme. Cusin,’ another French Rose, had a few seasons of popu- 
larity. It is a delicate shade of pink in color, beautiful in shade 
and form, though somewhat flat, and in its lasting qualities after 
being cut from the plant, it is far superior to all others. This also 
sported in New Jersey, and the resultant variety is known as “Mrs. 
J. Pierpont Morgan.” The color of the flower is much darker, being 
a bright, though light shade of solferino; the flower is also larger 
than “Cusin,” and its good keeping qualities are, if possible, even 
better. And “Mrs. Morgan” has recently sported in Massachusetts, 
this time to an exquisite shade of delicate pink. It has been named 
“Mrs. Oliver Ames,” and will be disseminated for general cultivation 
during the present year (1902). 

All roses may be forced into bloom out of their natural season, 
provided proper care is taken in the preparation of the plants and 
the subsequent care of same; but those named are the most popular 
and easier to manage than are the hundreds to be found in cata- 
logues and books of reference. The tea-scented section and the 
Hybrid Tea, because naturally everblooming, are the easiest to 
manage in this respect, and need little or no preparation excepting 
to give them generous treatment so that they may be kept growing; 
but all the buds and blooms should be kept pinched off during spring 
and summer, without taking any part of the shoots excepting one 
eye and leaf possibly with the flowers. We have thought it best 
to allow the flowers to come into full bloom before they are re- 
moved, because the shoots which are left on the plants seem to break 
into growth much quicker than when pinched off in the small bud 
state. 

Before closing these rose notes, I must say that the old favorites of 
twenty-five years ago, as Lon Silene, pink in color, Safrano, fawn 
color, Isabella Sprunt, yellow—a sport from Safrano— and Papa 
Gontier, dark pink, are all really easier to manage than are the 
Bride and Bridesmaid, but the flowers are considered too small for 
present general requirements. 

Roses for cut flowers, whether grown by the trade for sale or by 
amateurs, are grown in soil on tables or solid beds, as taking less 
care than when grown in pots, though just as good flowers may be 
grown in pots as in any other way, but they require very much 
greater care in order to produce the finest flowers. American Beauty 
may be an exception to that rule, because the long stems required 
of this rose for the best and most exacting trade could not be pro- 
duced in pots in sufficient quantity to pay. 

It has been deemed advisable to thus treat upon roses at length, 
because if roses can be grown successfully in greenhouses, the 
operator need not hesitate to undertake to grow any other plant, as 
roses are among the most difficult plants to grow and bloom suc- 
cessfully that we have. 

4s 
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The question of temperature in the growing of roses is one of the 
mosi important, and nearly all the sections mentioned need a few 
degrees difference at night if we would achieve the greatest suc- 
cess. For instance we have found the Meteor must have five de- 
grees higher at night, namely, 65 to 68 degrees, than American 
Beauty, Queen of Edgely and American Belle require, which to do 
their very best should have from 60 to 62 degrees; kept as nearly 
the first named number of degrees as possible is the better. bride 
and Bridesmaid, 56 to 58 degrees, and Bon Silene, Safrano, Isabella 
Sprunt and Papa Gontier, 54 to 56 degrees, and Golden Gate, 58 to 
60 degrees. Perle, Sunset and Sunrise, from 60 to 62 degrees. 

A similar state of affairs exists with Carnations, though not 
quite to the same extent. Twenty-five years ago, from 40 to 45 de- 
grees was considered about right for these popular flowers, but it 
is found now that for best results with the greatly improved varie- 
ties now being grown, a temperature about the same as that recom- 
mended and in use for roses in those days is now in use for Carna- 
tions, namely, about 55 degrees. 

New varieties of Carnations are so readily produced, and are being 
raised in all parts of the country, that it is quite difficult to keep 
track of them all. One. named “Prosperity,” should be mentioned, 
however, because it is such a decided step forward that it seems to- 
day that it will be some time before it is distanced. This was sent 
out last year. It produces the largest flower of any variety in com- 
merce, with stiff, erect and long stems, and is white, marbled with 
pink, in color. 

A scarlet variety, named “Adonis,” should be mentioned also, as it 
is one of those superior varieties that looms up head and shoulders 
above all the rest and looks as though it had come to stay for 
awhile. It is brilliant scarlet in color, of large size, and has the 
necessary stout and erect stem. The raiser of this novelty lives 
in Ohio, and has sold same to two firms jointly, one living in In- 
diana and the other in Philadelphia. The purchase price for con- 
trol of the stock is said to have been $5,000. It will not be put 
into commerce until the spring of 19038. 

The price just named does not begin to compare with the price 
which is said to have been paid by Thomas W. Lawson, of Massachu- 
setts, for the variety which was named “Mrs. Thomas W. Lawson,” 
after the Copper King’s wife. Said price was $30.000, but so well 
was the variety advertised and so many plants had been sold that 
the purchase money was reported to have been realized by the end 
of the month of February, when there were still remaining three 
good months in which to sell this sterling novelty. It has proven 
to be a grand variety, giving excellent results generally, which is 
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more than can be said for every new Carnation that is disseminated, 
many varieties being absolute failures in some sections of the 
country; whether it is the soil, the climate, or the water, which does 
not suit them has not yet been determined. 


VENTILATION. 


One of the most important matters in connection with the success- 
ful management of the greenhouse is the ventilation. It is very nec 
essary, not only to keep the temperature within down to the mark, 
but it is also necessary in order to make as complete a change of the 
inner atmosphere as is possible. 

Tn the olden time when greenhouses were frequently, we may say, 
generally built with sashes made for the purpose, the mode of ven- 
tilation was to slide them all down from the top, or as many of them 
as were left loose for that purpose, or according to the weather, and 
with the pipes for heating purposes arranged beneath the stages, 
thus a thorough circulation was made and the air changed. 

Nowadays, however, few greenhouses are built with sashes, but in 
stead, by what is known as a fixed roof, and arrangements are made 
whereby sashes are hinged at the apex and lifted by a machine made 
for the purpose, and by which the temperature may be regulated to 
a nicety. 

There is an automatic ventilating apparatus on the market, which 
werks with complete accuracy. It is operated by water pressure, 
but it cannot be operated satisfactorily unless there is guaranteed 
water pressure under control of not less than twenty-five pounds. 
This is a wonderful contrivance, and is a great labor-saving machine. 
Its cost, however, may seem to some prohibitory. 


THE WATER SUPPLY. 


The water supply is one of the first and most important matters 
to be considered in the starting of a greenhouse. 

Not more than twenty years ago, even within city limits, cisterns 
were built inside the greenhouses in which to catch the rain-water 
which fell upon the roof, and many old-time gardeners to-day prefer 
the water secured in that way to any other for the purpose indi- 
cated, as they claim it is more soft and richer in the essential plant- 
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foods than is found in the water in general use, as from springs or 
wells or from water companies. There is no doubt as to the truth 
of this matter, but only in a very small greenhouse is such a method 
practicable. A cistern is sometimes used in conjunction with a 
more complete water supply, the water from which is held in re- 
serve for special purposes. 

A never failing supply is what must be secured else the result might 
prove disastrous. Out in the country, away from a regular water 
supply furnished by a company or municipality, a drilled or a driven 
well or a never failing spring or creek with a windmill or some other 
motive power whereby the water could be lifted to a raised tank or 
to a point on higher ground should be secured. The higher the tank 
or whatever the storage method may be the better, if the expense 
is not too great, because a greater pressure to aid in distributing the 

yater is thereby secured; and a heavy water pressure is advantage- 
ous in the hands of a careful person watering the plants, because 
it aids in getting the watering done more quickly when haste is 
not a detriment. In the hands of a careless operator a high pres- 
sure is sometimes a disadvantage, because more water is likely to be 
given oftentimes to the plants than is good for them when said plants 
cannot use same to advantage, as during dark, cloudy or rainy 
weather or ina low temperature. <A careful man will, however, regu- 
late the water supply at the spigot by turning same on only half or 
even less as the necessity of occasion requires. A strong pressure 
is a boon in any greenhouse on a bright, warm day, when the water 
may be given freely, both at root and on branch, and many insects 
which are among the banes of plant life under glass are kept in check 
by the judicious use of a powerful force of water; this applies es- 
pecially to what is known as the red spider, which will be treated 
under the head of insects, later. 

A. windmill was referred to as a good power to bring into use to lift 
the water to an elevation, but when this is used the storage capacity 
should be large enough for at least a two weeks’ supply, though a two 
weeks’ supply is very indefinite. As a guide, for a greenhouse 100 
feet by 20 feet, 500 gallons a day on the average should be ample. 
It is surprising how much water our plants seem to need when the 
wind does not blow. In the months of August and September, we 
have very often noticed the wind is frequently not found working 
quite so faithfully as we would like it to do. 

Other motive powers for pumping water besides wind, are steam 
and the various hot air engines, but the best water supply of all is, 
when obtainable, through some public works, as a municipality, bor- 
ovgh, township, or by a private company. 

The vast importance of the water supply will be realized when it 
has to be carried some distance on a bright, hot day. Personally, I 
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have carried water from a little brook, a pailful in each hand, fifty 
feet from the nearest point to the entrance to the first of four green- 
houses one hundred feet long. This process of watering appears 
tedious and very hard work now in the light of our present up-to-date 
hose in hand operations. At another piace I have dipped water out 
of a cistern until same was empty, when we had to carry it froma 
pond two hundred feet away, and in hot, dry weather as soon as we 
had finished watering the plants at one end of the greenhouses we 
had to begin and go all over them again, so much water did the large 
plunts need. It is frequently necessary in hot,dry summer weather 
to water plants twice a day. 

In some large establishments arrangements are made whereby the 
water is heated in the winter-time, to a temperature of 65 to 70 de- 
grees, but when pumped direct from a well where the water is 56 de- 
grees there is no necessity for the water to be heated. And the ad- 
visability of heating water before using on the plants has frequently 
been questioned, because the atmosphere in the greenhouse should 
be at least 70 degrees before watering over the leaves of the plants 
is undertaken, and under those conditions the water would be in a 
very few minutes the same temperature as the atmosphere. 


DRAINAGE. 


After the water question has been disposed of, drainage next sug- 
gests itself, and it is equally as important in greenhouse opera- 
lions as it is upon the farm. 

When solid beds are used in which to plant, or on a table or in a 
flower pot, it matters not which, we must feel reasonably certain 
that the drainage is ample. There is more necessity to look into 
this matter with some soils than there is in others; for instance, a 
cJay soil will require more care in that respect than will that hav- 
ing a more porous character. 

Some florists think they are gaining an advantage by using drain- 
tiles so close together beneath the beds as to touch each other. The 
manner in which this particular plan is carried out is as follows: 
First, the inside of the greenhouse in which this style of a drained 
bed is to be built must be carefully graded, not necessarily perfectly 
level, but on a uniform grade. The walks or alley-ways should be 
laid out at convenient intervals, and after the bed has been thor- 
oughly firmed to avoid as far as possible the liability to settling, the 
drain-tiles are arranged across the bed, the open ends of the tiles 
to present a straight line and to remain open at the outer edge of 
what will be the bed proper and define the line of the walk. 
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When sole-tiles are used it is deemed advisable to place same with 
the sole side or bottom upward, which will thus present a better sur- 
face for shoveling, because more level, when the old soil is removed 
preparatory to bringing in fresh soil and new plants. When it is 
decided that the tiles are to be arranged with the soles upward, it 
will be found necessary, after the base of the bed has been made 
thoroughly firm, to scatter sand thereon or the finer particles of 
screened ashes or similar loose material in which to place the tiles 
to hold them in position until the job is completed. 

A wali is then built six, eight or ten inches high, the base resting 
upon the ends of the drain tiles, said tiles to remain open as before 
advised; in this way complete drainage is not only secured, but what 
is believed to be of equal importance, the free passage of air through 
the drain-tiles will counteract the possibility of sourness in the soil, 
thus going a long way toward insuring the well doing of the plants. 

The wall may be either of bricks, single, thick or concrete. Many 
retaining walls for solid beds are now being built with the last named 
material, which may be composed of coal ashes, gravel, sand and 
cement in proper proportions. Coal ashes are generally quite plenti- 
ful about a florist’s establishment after he has started a short time, 
and I know of no better use to put them to than by building just 
such walls as above referred to, and as there are likely to be more of 
them in use in the future than there has been in the past, a few hints 
as to their construction will not be out of place at this time. Here is 
what the writer prepared for the columns of the American Florist 
a few years ago: 

“Tt is ten or twelve years since I first commenced to experiment in 
making walls with concrete. My first efforts were made with iron 
ore sand (refuse from the iron mines) and cement, but this became 
rather too expensive, on account of the long and heavy haul] in addi- 
tion to the first cost of the material. Sand of all kinds in this part 
of the country is scarce. In 1892 it occurred to me that if we could 
use coal ashes as a base for this purpose how much cheaper and con- 
venient it would be. (Our brethren in the natural gas belt may or 
may not appreciate that statement.) I made known my thoughts to 
a friend. in the profession, in whose judgment I had explicit faith, 
and he said “It won’t do, my boy, the acid in the ashes will destroy 
the effectiveness of the cement.” This certainly was a stunner, and 
I cannot now recall how I overcame the effects of it and ventured to 
make the experiment with the tabooed material, but I summoned up 
sufficient courage to do so, and we now have six of our greenhouses 
fitted up with walls of this kind, and they are apparently all right 
up to the present writing. 

“We have never used any other but ashes from hard coal—an- 
thracite—but believe the ashes from soft or bituminous coal could be 
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used with almost if not quite as satisfactory results. The greatest 
trouble we tind is in preparing the boards into which the materials, 
when properly mixed and ready for use, are deposited in order to 
make the wall. if we would havea straight and mechanical looking 
job when completed, the boards must be braced thoroughly by driv- 
ing in stout stakes alongside at frequent intervals and then nailing 
together temporarily though securely at the top to keep them 
from spreading, which they surely will do when the wet and heavy 
concrete is shoveled inside the casings. ‘There would be much saving 
of labor if two-inch or three-inch planks were used instead of inch- 
thick boards to form the frame work into which the material is 
dumped, because they would remain in position better and with fewer 
stakes. 

“Not until all the moulds, as we may term them, in which the 
walls are to be cast are ready should the concrete be mixed, and then 
only such a quantity as can be used in half an hour. When, as above 
indicated, everything is quite ready to begin operations, we have a 
board or rather a number of boards nailed together, eight or ten feet 
square, with the joints as tight as it is possible to make them, or 
some of the cement will wash through with the water, then we pro- 
ceed to mix the ashes and cement together, taking six or seven parts 
of the former to one of the latter, of which we find the better brands 
of Portland cement the most economical. These materials should 
be thoroughly mixed by turning three or four times, and should be 
done while they are quite dry, before any water is applied at all, after 
which water may be brought into use, and when every particle is 
thoroughly moist without being too wet it is ready to be applied to 
where the walls are to be built, and with reasonable activity, em- 
ploying as many men as can be used to advantage without being 
in each other’s way; this part of the operation is a short one. 

“The concrete should be pounded with a rammer gently though 
sufficiently until it has filled all the spaces completely, and topped 
off evenly to the level of the boards or planks. When as much of 
this part of the operation has been done nearing the end of the day or 
job, cement and sand should be thoroughly mixed, one part of the 
former to two of the latter, and mixed dry as before recommended 
for the ashes and cement, and also watered in the same way; this 
must be used to put the finishing touch to what will be the top of 
the wall, and with one man with a shove te drop it at intervals along 
the top of the wall and another with a bricklayer’s or plasterer’s 
trowel—the latter being the most handy—a smooth face is attained 
that will be one of the most important and essential parts of the 
whole operation, for it is this which keeps the wall that is made of 
ashes and cement from crumbling; it certainly would crumble if the 
sand and cement were not applied, and at a time before the wall 
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proper has had time to dry too much. A mechanical and smooth job 
may be made of the top of the wall if the operator will have a wbite- 
wash brush and a bucket of water convenient so as to apply it oeca- 
sionally when the smoothing process is going on by the man with the 
rowel; a little water and the trowel following until a smooth sur- 
face is the result. If the “topping” part of the work just referred 
to is not done promptly, much time is lost in the completion of the 
job. 

“After a few days—according to the weather and the time it takes 
to dry—the boards on the sides may be removed, and this, of course, 
must be done carefully; and these sides should receive a coat of 
cement in which sand has been mixed, in the same proportions as 
recommended for the top of the wall. Owing to the coarseness of 
the ashes used here, it is found when the boards are removed that 
although a more or less uniform or straight surface is presented, 
enough interstices will remain to give the sanded cement a good 
hold on the wall when plastered and, when thoroughly dry, the 
wall will be found as strong as though having been built of bricks, 
and at very much less cost. 

“As to the cost of the materials, that depends upon what part of 
the country those who desire to build walls for solid beds in green- 
houses are living in. In the natural gas region, ashes, which are so 
plentiful in other parts of the country, are at such a premium that 
they are quite out of the question in this connection, but in those sec- 
tions probably, or at least possibly, sand or gravel or broken stone 
may be had for the hauling or at such a trifling cost that the same 
results may be obtained as low or at so little or no more cost that 
the difference is hardly worth considering; besides, it goes without 
saying that a wall made from sharp sand or gravel or broken stone, 
with cement in correct proportions is very much more substantial 
than can possibly be made with refuse ashes, though I must say that 
I have yet to find that a break has occurred in the walls built as 
per above method, excepting when some accident happened that no 
wall could possibly resist. 

“T have one house fitted up with this class of wall on which a 
a table is built so as to get an idea if possible on which plan roses 
bloom the best, but so far Iam not able to decide. There are so many 
contingencies arising in the growing of cut flowers during a whole 
winter season that it is véry difficult to decide which is the better 
plan. One thing we are sure about and that is, a solid bed is easier 
to empty and easier to fill than is a table, and no time is lost as in 
the repairing of the tables. Other matters which must be taken into 
consideration, whether solid beds or tables are the better, is the 
nature of the soil in which the plants are to be grown, and above all, 
thorough and proper drainage must be secured; if not naturally, then 
it must be made artificially.” 
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In the building of tables or stages upon which to grow roses, car- 
nations or other plants, the boards used for forming the bottom of 
said tables are usually six inches wide and are placed from a halt- 
inch to three-quarters of an inch apart, and over the bottom of the 
stable coarse manure, straw or material of like character is spread 
to keep the soil from trickling through and also to aid in securing. 
the necessary drainage. Drainage in pots, “crocking,” is provided 
for by placing broken pots, oyster shells or coarse coal ashes at the 
bottom. Any pot smaller than that known as a two and a half inch 
pot is rarely or never “crocked.” 

To go back to the drainage of the solid beds again. Some soils are 
so well drained naturally that there is no necessity of going to the 
trouble or expense of furnishing any other form of drainage. Gen- 
erally speaking, however, it is believed to be safer to furnish some 
sort of drainage. Drain-tiles are sometimes laid in the length of the 
bed, and the deeper they are Jaid in the earth the larger the area 
which a given line of pipe will drain. Some florists lay two lines 
of tile the length of the house in each bed, only as deep as the natural 
grade would be, and these ends are left open and project through 
and flush with the outer edge of the retaining walls, as much to 
aerate the soil as to drain same from surplus water. Coarse coal 
ashes, broken bricks, stones or similar rough material is frequently 
used at the bottom of bed for the same purpose. 

Sub-irrigation is being experimented with to some extent, but so 
far a cheap method of constructing a bed where sub-irrigation could 
be practiced to advantage has not yet been adopted to any extent. 
It promises well, I am inclined to think, but just the right plan of 
operation has not so far been hit upon. 


ASPECT. 


There is some difference of opinion as to the proper aspect of a 
greenhouse to be used exclusively for the production of cut flowers 
in winter, the consensus of opinion favoring a position a few 
points east of south. This aspect favors the early morning sun 
getting in his good work, which is considered the most life-giving, 
consequently of the greatest value and best not for plants alone 
but all animated nature. 

When a greenhouse is built in which to grow Palms, Ferns and 
Smilax and other classes of plants which are grown for their foliage 
alone, it makes little or no difference which aspect the greenhouse 
occupies. Palms assume a deeper green and develop equally as sat- 
isfactorily if they are not given too much sun at any stage of their 
existence. In Belguim, where many Palms and other foliage plants 
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are grown for the London, Paris, Berlin, Vienna and St. Petersburg 
markets, boards are largely used in conjunction with glass in the 
construction of roofs of greenhouses in that country. By the use of 
boards there is a great saving, not only in the construction of a 
greenhouse, but in the heating of same in the winter season. 
A greenhouse with a roof built of boards, or partly so, will retain 
ihe heat much longer than will one covered wholly with glass, and 
the desired temperature can be maintained at much less cost 
for fuel. We are assured by those who have seen the Palms grow- 
ing under conditions as above stated, that no plants could be more 
luxuriant or healthy. At the price glass was selling in September 
(1901), namely $7.28 per box of fifty square feet, a great saving could 
be effected in this country by the method referred to. Glass fluc- 
tuated very much last year; for instance, in September, $7.28 was the 
price per box of fifty square feet, whereas, in November, the same 
quality of glass could be bought for $4.55, and twenty years ago $2.00 
per box was about the price. 

It will be understood that what is said here is merely sugges- 
tive, that much latitude is allowed in the selection of a site for a 
greenhouse establishment, according to what is to be grown 
and the available ground to be used; and also in the selection 
of the material to be used in the building, many believing that as 
much iron or steel as possible should be used so as to have them as 
nearly indestructible as such structures can possibly be made. 


HEATING. 


After the water supply has been determined upon and the ques- 
tion of drainage and aspect duly considered, another serious matter 
to occupy the attention of those desiring to go into the greenhouse 
business, is the different methods of heating, because, generally 
speaking, quite early in the operation a hole in the ground has to be 
dug, known by the old-school gardener as a “stoke-hole.” Though 
some of the very largest and up-to-date commercial concerns, where 
steam is used as the heating medium, do not advocate digging a hole 
in the ground at all, but by placing the boiler or boilers at the low- 
est point naturally, according to the lay of the land, and by em- 
ploying a small, though a separate and independent steam-boiler, 
which is so constructed as to work automatically and thus pump 
the condensed water back to the boiler. In a small way, however, 
that plan of operation would seem to be out of the question, the 
water returning by gravitation being the most practical. 

Generally speaking for small establishments, it is better to dig a 
hole, whether the heating be done by steam, hot water, or the old- 
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fashioned flue, for a better draft is thereby secured, which is a very 
necessary accessory in the keeping up a good fire to heat to the de- 
sired temperature; and, besides, a cellar is a great convenience in 
which to store, when possible, the winter’s supply of coal. 

There are several methods of heating, but three only need be con- 
sidered at this time. What is known as the old flue system, which 
is practically a furnace with the chimney running nearly horizont- 
ally with a gentle rise to the further end and the whole length of 
the greenhouse and sometimes back again, the heat being given off 
in transit, and thereby warming the house. This was the first 
method of warming greenhouses, and when only one greenhouse 
to be taken care of this is certainly the cheapest plan of all; and 
where a variety of plants, coming from the different quarters of the 
globe, are to be grown this plan offers more variations of tempera- 
ture to suit same ina given length of house than any other, that is to 
say, without special preparations are made with hot water or steam 
with that end in view. We, however, do not recommend the flue 
system for heating greenhouses, as it has some grave disadvantages, 
the principal one of which is the liability of deleterious gases es- 
caping from the flue into the greenhouse, and plant-life suffers in 
consequence, so much so that crops have been known to be total 
failures by the damage done to the leaves and flowers. 

Hot water as a heating medium is perhaps the very best method 
of heating a greenhouse establishment in a small way that can be 
devised when the structures occupy not over 25,000 square feet to 
heat, because requiring less frequent attention than does steam. 
The main advantage of hot water over steam is, that there is not the 
same necessity of having a fireman up all night to attend to the fires 
as when hot water is used, because so long as there is a handful of 
fire in the furnace there is sure to be some heat in the water; where- 
aus, when steam is used, just so soon as the fire is not hot enough to 
make steam, then the pipes immediately become cold and on a freez- 
ing night damage is likely to result, either by the frost entering the 
greenhouses and killing the plants outright, or by so chilling them 
that many weeks might elapse before they fully recovered. 

When, however, a greenhouse establishment has twenty-five thou- 
sand feet or over, it is better to use steam and employ a night fire- 
man,and the rightkind of a manwho is willing to do other work dur- 
ing the night, especially in mild weather, can find lots of little jobs, 
such as washing flower pots, putting in cuttings, and sometimes 
even potting could be done. Great assistance can be rendered by 
the nightman in the early morning by assisting to cut and pack the 
flowers for market, which in establishments of any pretensions, are 
shipped at least once and frequently oftener, every working day in 
the year and sometimes on Sundays. Flowers, being perishable, the 
quicker they are disposed of the better. 
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The night fireman must watch the temperature closely. Many es- 
tablishments are fitted up with electric thermostats to warn the pro. 
prietor or the manager or foreman when the temperature is too 
low or too high; this fact keeps many firemen on the alert when 
they would otherwise be indifferent and become careless. Self-reg- 
istering maximum and minimum thermometers are sometimes used 
for the same purpose securely locked in a case so that they cannot 
be tampered with. There are several details to be attended to 
personally by the fireman besides shoveling on coal and keeping up 
steam. <A pipe has to be “shut off” at this house, or a “crack of 
air’ admitted through the medium of the ventilating apparatus, 
or an additional pipe “turned on” in another house in order to keep 
the atmosphere at the desired temperature. As before referred to, 
there is an automatic ventilating apparatus in use which is giving 
general satisfaction. 

As to the fuel, whether it is best to use anthracite or bituminous 
coal, crude oil or natural gas must be determined by individuals for 
themselves. Natural gas, when same may be depended upon in un- 
limited supply, would be my own individual preference. No shovel- 
ing on coal, no cleaning of the fires, no ashes to take out. Whata 
boon! 

In and near to Philadelphia there is quite a lot of what is called 
“buckwheat” anthracite or hard coal used. This buckwheat coal, 
however, is only used where steam is the heating medium. Some 
others within the city limits use coke,a by-product in the manufacture 
of illuminating gas, while still others are using bituminous or soft 
coal; the latter has its decided disadvantages on account of the dense 
smoke and the resultant “blacks,” entering the greenhouses through 
the ventilators which are very damaging to all classes of flowers, es- 
pecially the whites and other delicate tints, and by falling upon the 
glass more or less shade is produced, something to be avoided in the 
growing of flowers in the winter season when every ray of sunlight 
should be allowed to come through the glass unobstructed. 

When ‘a battery of boilers is arranged conveniently in a central 
position or as nearly so as possible, and the greenhouses radiate 
therefrom, one man can attend to a much larger place and better 
than he otherwise could. With all essential conveniences for a night 
man, he can attend to 75,000 square feet of glass in ordinary weather, 
but when severely cold, an extra man would have to be brought in to 
assist. When it is impracticable to put in an automatic ventilating 
apparatus, and the place is large enough to warrant the expense of 
an additional man to look after the temperature of the houses, then 
the fireman may remain at the boilers all the time and have nothing 
to do or think about except to keep up the necessary steam pres- 
sure to assure a complete circulation of heat to the remotest corner of 
the establishment. 
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As a rule, with the requisite amount of executive ability centered 
in the guiding head, the larger the establishment the easier it is 
managed and naturally the more profits result. 

We hear of an automatic stoker—a machine to coal the fire 
when needed. I have not seen it in operation, but there is no doubt 
about its being successfully done in a few large establishments. 
With such a machine and an automatic ventilating apparatus, 
two of the most important matters are provided for. All that would 
be necessary in such a place with those contrivances would be 
a night watchman, with the day men located conveniently to be 
on call in case of accident during the night, because in many large 
establishments there are thousands of dollars worth at the mercy of 
the elements in case of a breakdown in the heating apparatus or the 
breaking of glass. 

The very best, because offering the least trouble and expense after 
the first cost, that I have heard of is in an establishment located at 
Helena, Montana, which is incorporated under the name of “State 
Nursery Company,” the greenhouse department of which is heated by 
natural hot water. The hot water is conducted through the green- 
houses in pipes, as is done when a boiler is used, excepting that no 
provisions are made for the water to return, it flows on after it has 
done its duty, apparently going to waste. The springs from which 
the water is taken are about half a mile away from the greenhouses, 
and the water is conducted in a wooden pipe under ground and hasa 
fall of one hundred feet, which registers about thirty pounds pres- 
sure. The temperature of the water is 130 degrees when it reaches 
the greenhouses so that it takes more lineal feet of pipes to insure 
the atmosphere in the greenhouses being raised to the desired tem- 
perature than it does when the heating is done by the ordinary 
methods of steam or hot water as practiced in Pennsylvania. This 
item of information is introduced here incidentally to indicate the 
advantages that some florists have over others, especially out in far 
away Montana when the question of heating is under consideration. 


DISEASES. 


Mildew—so called probably on account of the mealy-like substance 
which is spread over the leaves of the plants affected—is the most 
common disease which affects roses and yet one of the easiest con- 
trolled. The very best way is to use preventives, which is done by 
using flower of sulphur mixed with about its equal in bulk with air- 
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slacked lime, which is distributed with bellows made for the purpose 
into the atmosphere of the greenhouse to be operated upon. This ef- 
fective mixture above described has been in use for some time, and 
its beneficial results were found out by accident. Florists and others 
who use sulphur in large quantities buy it by the barrel. Duringa 
rainy spell, which, by the way, is a good time to keep the mildew- 
killer active, the sulphur works sluggishly, on account, I presume, of 
its possible affinity for moisture; so in order to make it distribute 
more freely, some air-slacked lime, passed through a fine sieve, 
was added in about equal its bulk to the sulphur. This was found to 
be equally as effective as sulphur alone and more economical. 

Many a careless hand wastes much of this material. The best way 
toapply itbecausethe most effective and economical way, is to use the 
bellows referred to, fill same with the mixture and with the outlet 
pointing upwards and the operator working the bellows and walking 
backwards, the atmosphere of the structure will become well filled 
with this mildew antidote, and in settling ,which it will do gradually, 
it does so quite evenly and not unsightly as it is likely to do if the 
spout of the bellows is allowed to point downwards and the ma- 
terial irregularly distributed as is too often done. Another preven- 
tive for mildew, is to mix sulphur with linseed-oil to the consistency 
of a paste and apply with a brush to the heating pipes. The fumes 
of the sulphur are by this method believed to kill the fungous germs 
which are always more or less present in the atmosphere, awaiting 
favorable conditions to develop. 

“Black spot,” actinonema rosae, among diseases is the worst 
enemy the rose has to contend with, and this applies to those grown 
both indoors and outdoors, especially among that class of roses 
known as the “Hybrid Tea,” which has for its parentage the Hybrid 
Remontant, or June rose, on the one side and the Tea-scented rose 
—a native of China—on the other. The Tea rose gets its title from 
a peculiar tea-like fragrance and not because it resembles tea in 
any other way. The LaFrance and Meteor, and possibly the cele- 
brated American Beauty, belong to the Hybrid Tea class. 

The American Beauty appears to be the most susceptible of all 
roses grown under glass to black spot, and when a bad case develops 
it is very, very hard to get rid of. Bordeaux mixture, the same as 
recommended for fruit trees, is said to cure it, also copperdine; but 
I must confess that I have never yet found much if any benefit from 
the use of either. Potassium sulphide is also recommended. Any 
of the above might be used systematically as a prevention, and doubt- 
less with more or less gratifying results. 

It has been found, in practice, that no matter how badly affected a 
rose may be with “spot,” at the end of the cut flower season, say the 
latter end of June or early in July, if all the branches are cut close 
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from the plants about six inches to three inches from the base of the 
plant, these same plants, when they start to make a new growth, will 
grow without the slightest sign of black spot, and it is not until the 
mouth of September, when the growth made is from three or tour feet 
high and densely clothed with leaves, that signs of this dread disease 
reappears; and then the cause is 20 doubt on account of some indif- 
ferent treatment given the rose, or some climatic conditions favoring 
the development of the fungus that science has not yet been able 
to detect in time to effectively stop, and it is found that the more 
luxuriant are the plants in the autumn months the more liable are 
they to this disease. 

The plan followed and the safest, is to pick off and destroy by fire 
every affected leaf as soon as seen. If the plants can be safely 
carried through the late summer and early fall months without 
showing signs of black-spot, the danger is not so great, es- 
pecially after the beating in the rose-houses bas commenced, 
for little or no trouble will be experienced with it during the winter 
until firing is stopped in the spring, when it is again liable to appear 
at any time. And when it does make its appearance at the season of 
the year indicated, it spreads with great rapidity, being very difficult 
at that season of the year to combat. It is believed that the dew or 
any form of moisture upon the leaves and in the atmosphere favor 
the propagation and development of these disease germs, and as 
water must be directly applied vigorously to the underside of the 
leaf where that troublesome plant pest, the insecit-mite known as red 
spider, takes refuge for self-protection, and as the water remedy rec- 
ommended which is the only known method to dislodge him adds 
greatly to the moisture produced, it is readily realized how difficult 
ii is to give water sufficient for all the needs of the plants and yet not 
enough to encourage the black spot scourge. 

There are other diseases to which the rose is subject, but mildew 
and black spot are the most prevalent and those which give the most 
trouble and anxiety. 

Carnations when grown under glass are liable to have quite a 
number of diseases. The one about which so much was said and 
which caused so much anxiety some ten years or so ago, was 
the so-called Rust ( Uromyces caryophyliinus), but it does not possess 
the same terrors as it did at that time. In appearance it resembles 
smut in grain, the difference being that the black or dark brown dust- 
like material appears on the upper surface of the leaf and looks as 
though it were a bursted blister. 

One which has caused, and is causing some anxiety to-day, is what 
was at one time known as Sacteriosis, now known under the scientific 
name of Stigmonose, and is the result of punctures by insects which 
are liable to infest Carnations. The insects responsible for this 
“puncture disease,” are the most common of all plant-lice, namely, 
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the green fly, or aphides, and to a lesser extent, thrips and red spider. 
The punctures made by these insects make it possible for the disease 
under consideration to develop. It goes without saying that to avoid 
the Stigmonose is to keep the plants free from insects. And the 
rust, strange as it may appear, is entirely gotten rid of by growing 
the plants under glass both winter and summer. 

The present day carnations are a development from the hardy 
Dianthus Caroyphyllus of Europe, and some of the closely related 
varieties to-day will live out all winter in some parts of America 
when grown in a favored location. That the rust on carnation plants 
could be gotten rid of in America by growing same under glass, which 
is a hotter and dryer climate than is that of Europe, does seem diffi- 
cult to realize, yet such has proven to be the case. It is the result 
of what is termed an ‘accidental discovery.” The writer hereof, 
before the American Carnation Society at its convention held in 
loston a few years ago, along the lines under consideration, said: 

“Having a seedling carnation that was good enough to send out as 
a novelty the following spring, and in order to get up as large a stock 
as possible I kept on rooting the cuttings until quite late in the 
Spring or early summer. It was so late, in fact, and the weather so 
dry that those plants remained in thumb pots all summer under glass 
instead of being planted outdoors. After the general collection of 
carnations had been lifted in the fall, this particular seedling showed 
unmistakable evidences of being affected with the much dreaded 
rust. As soon as possible all the affected leaves were picked off and 
distroyed; but when the job was completed the plants appeared to 
be planted too far apart, so much foilage had been removed, and in 
order to fill up the spaces we made use of the small plants which were 
rooted late and had remained in thumb pots under glass all summer. 
They were planted between the rows or lines of the affected plants, 
and, strange as it may appear, the unaffected little plants on each 
side of those were never affected by the rust during the whole sea- 
son, while the older plants never recovered from the effects of the dis- 
ease. At that time the rust had not created quite such a profound 
impression upon growers as it did later. This point is introduced 
in order to show how it came that I decided to try the Buttercup Car- 
nation under glass all summer. I reasoned in this way, that if one 
disease could be combated by this treatment, why could not other 
diseases be combated by the same treatment, and I am pleased to be 
able to say that the results have been eminently satisfactory. And 
further, I believe that we will find that some of the choice varieties, 
if we wish to get the very best results from them, will have to be 
grown under glass all summer.” 

Since that time a modification of the cultivation of carnations has 
taken place. Instead of leaving the plants growing out of doors, as 
in the old way, to the end of September or sometimes even as late as 
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immediately before damaging frost is expected, which varies accord- 
ing to Jocation (in the vicinity of Philadelphia, however, it is about 
the middle of October, and some seasons it is a few days earlier and 
some a few days later than the time mentioned), now, in these days 
the first week in August is considered by a number of the most suc- 
cessful Carnation specialists to be the best time, and the date named 
for lifting is about the season when Carnations begin to make their 
most rapid and vigorous growth outdoors when the nights become 
cooler with more moisture in the atmosphere from the dews and fall 
rains. The wisdom of the course now pursued is very readily un- 
derstood when we consider the greater length of time the plants are 
growing outdoors, the larger and more succulent they naturally be- 
come and the more violent the shock from the breaking of the roots 
when they were lifted, the only wonder now is that such a more 
rational method of treatment had not been practiced earlier. The 
plants not being so gross in growth at the earlier date, they are not 
injured nearly so much in the transplanting, consequently are not 
so susceptible to any of the diseases to which Carnations are liable; 
especially is this the case when the plants are in a weakened condi- 
tion from the effects of the greater disturbance of the roots when 
transplanting under the older practice. 

The various fungicides are no doubt excellent as preventives, and 
should be systematically used for that purpose, but when disease 
does show itself the affected parts should be immediately removed 
and destroyed by fire. 

Stem Rot, which its name implies, is the plant rotting off just 
above the ground line. There is no positive remedy for this disease. 
_ To-day a plant affected with this disease may to all outward appear- 
ances be enjoying the best of health, and to-morrow it will be with- 
ered and dead. This malady among Carnations, according to Pro- 
fessor Albert F. Woods, Chief of the Division of Vegetable Physi- 
ology and Pathology of the United States Department of Agriculture, 
at the meeting of the American Carnation Society, held at 
Baltimore last year, stated that it is brought about through 
two distinct kinds of fungi. One which is known scienti- 
fically as Rhizoctonia, or wet rot, develops most in acid soils, es- 
pecially where there is much decaying organic matter. The Pusariwm 
is the scientific name of the other, or dry rot, and is not so prevalent 
as is the former among Carnations. Lime is found to be an excellent 
preventive when used on the soil for the former. One grower secured 
excellent results when he used between fifty and sixty bushels to the 
acre to combat Stem Rot. The second, or dry-rot fungus, grows best 
in a soil slightly alkaline. It is said to be closely related to the fungus 
which is almost driving out the cotton industry in both North and 
South Carolina. There are hundreds of acres of land where cotton 
cannot be grown any more where said fungus is present. This fungus 
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has been found to retain its vitality for five years. No fungicides 
have been found strong enough to entirely rid the soil of its presence, 
as there is always enough left in the soil to start the disease on the 
next cotton crop. For greenhouse purposes the soil may be sterilized 
with steam at 130 to 140 pounds pressure when every germ of all 
fungi would be killed, and weed-seeds also, which would be a de- 
cided advantage. Some growers have thought that there is a pos- 
sibility of the soil losing some of its fertility when sterilized, but the 
Professor stated that in some experiments with sterilizing soil for 
Violets no injury at all was apparent, instead the Violet plants grew 
entirely too rapidly. It is of course, for greenhouse purposes, that 
the sterilizing of soil is at all practicable. Some of our expert rose 
growers make a practice of systematically sterilizing all the soil used 
in their rose-growing operations, and they are prepared to prove that 
it pays to do so. Some soils, it is believed, contain more nematodes, 
or eel worms, than do others, and it is for the purpose of killing 
this troublesome little microscopic fellow in the soil that sterilizing 
is practiced for roses. 

A disease called “Black Rust,” but entirely distinct from that af- 
fecting Carnations, affects some greenhouse plants, Heliotrope and 
Verbenas, especially. The leaves affected show dark blotches, which 
in bad cases causes the leaves to become more or less crippled. Black 
Rust is believed to be caused by one of the mite-insects, which re- 
quire a strong microscope to detect. There is hardly any cure for 
this disease when in an advanced stage, and it is better to destroy 
the plants so affected entirely and start anew with clean, healthy 
stock. Stunted, half starved plants are the first, and generally the 
only ones, to take this disease, so that to avoid it, generous treat- 
ment is the one great thing needful to keep the plants healthy. 

There are other diseases affecting plants, but those mentioned are 
the most troublesome, and in order to be sure that everything is be- 
ing done that can be to avoid diseases in plants, cleanliness in 
every department in the greenhouse must be the watchword, and 
ought to be rigidly enforced; and it must be here emphasized that the 
various fungicides should only be depended upon as_ preventives, 
and not cures. 


INSECTS. 


The insect which bothers plant-life in greenhouses most, or in the 
greatest number, and at the same time the easiest to get rid of, 
is the “green fly,” or plant-louse, one of the numerous species of aphis 
which has the power of reproduction to an extraordinary degree— 
too prolific almost to be fully realized. 
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The most common plan in practice towards destroying them is by 
fumigation, which means, in this case, to burn tobacco stems, which 
may be obtained in bales from the seed stores which keep same in 
stock for the convenience of customers. 

The process of burning is as follows: A small bunch of dry paper or 
shavings, with a few dry stems to give the same a start, is placed at 
the bottom of a can made for the purpose, with a perforated base to 
cause the requisite draft, then the stems, with which the can is filled, 
and whichare expected to do the effective plant-lice killing, before the 
light is applied, should be a trifle dampened; by this means flaming 
is avoided, which should never be allowed, as the hot flame with the 
deleterious gases generated under those conditions are likely to do 
serious injury to many tender plants which may be within the struc- 
ture operated upon, as Heliotrope, Mignonette, and some other 
plants. When the tobacco stems are not too damp to burn, yet too 
damp to flame, they are just in the proper condition to produce the 
smoke—the nicotine fumes—which suffocates our plant-enemy, the 
green fly. 

Tobacco dust, when not too fine, may be used also for fumigating 
purposes, and is put into operation by placing the material upon 
plain paper in a perfectly dry spot on the floor of the greenhouse, and 
with a few drops of petroleum (“coal-oil”) at one end of the pile of 
tobacco dust, then with a lighted match, touch the spot whereon are 
the drops of oil, when it may then be allowed to burn until entirely 
consumed, as no harm to the plants will result. 

Paper steeped in a solution of saltpetre (potassium nitrate) and 
dried is also used upon which to place tobacco dust and burn. In 
this case no petroleum oil is needed; by touching the prepared paper 
with a light the combustion of both tobacco and paper is complete, 
and without flame. 

There is also what is known as Aphis Punk on the market, a pe- 
culiarly prepared paper, which is hung on wire in convenient places 
in the greenhouse, and when lighted, is allowed to burn. This must 
not be allowed to flame either, or similar damage before referred to 
is likely to result. 

There are also a variety of liquids much in use nowadays, where 
nicotine or the extract of tobacco forms the base and principal part 
of this class of insecticides. Ssometimes these liquids when reduced 
to the proper degree of solution are applied directly to the plants 
troubled with insects, by spraying. Another plan frequently in use 
is when the liquid is placed in some convenient vessel and hot irons 
are dropped therein, filling the atmosphere full of the insect death 
dealing vapor. Some of the more advanced florists are using an 
evaporating pan which is attached to the heating pipes; the liquid 
is placed in the pans and in due course is evaporated into the at- 
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mosphere. When these have been used, no other means of green fly 
extermination is thought of, so thoroughly practical have they proven 
to be. 

A spirit lamp is also used, attached to the bottom of a small vessel 
containing a highly concentrated insecticide, and when the lamp 
is burning the liquid is vaporizing, and in this and other methods 
of vaporizing, doing away with the clumsy methods of burning the 
tobacco stems. The vaporizing of the different liquids is a step in 
the right direction, being equally as effective and far less trouble- 
some and more agreeable for the operator than the old way. 

In regard to the pans attached to the one anda quarter inch 
steam pipes, it has been demonstrated that when in use in the palm 
houses, and the pans have been filled with a tobacco extract regularly 
every night, neither mealy bugs nor scale insects will find a resting 
place or will be in any way troublesome. This applies principally 
when the young Palms are raised from seed at an establishment, 
which is equipped with the evaporating pans and none of the insects 
mentioned are brought there from a distance with other plants. 

Roses and Carnations under glass are rarely or never bothered 
with either scale insects or mealy bugs, but Palms and Ferns are, and 
when once these pests obtain a foothold they are hard indeed to get 
rid of. Tobacco water sprayed on the Palms and Ferns twice each 
week systematically and intelligently applied, will rid the plants 
of said insects entirely. Many florists and gardeners, when they 
find their efforts are not rewarded sufficiently after the first few appli- 
cations by a complete extermination, become impatient and disheart- 
ened and abandon the good work; when so easily discouraged all the 
work done up to that time will have gone for naught and the time and 
material will be as good as wasted. 

Sometimes when an attack of either of the two insects mentioned 
develops, or in fact any insect, it is often best to secure a soft piece of 
sponge and with soapy, warm or hot water—but it must not be hotter 
than 125 degrees or there is a liability of the leaves becoming 
damaged—the insects are “sponged” carefully off the leaves. Hot 
water up to the point above mentioned has been found to kill many 
insects, and that may be considered the cheapest insecticide ob- 
tainable. 

Red spider ( Zetranychus telarius) among insects, is the most per- 
sistent foe, and the hardest to conquer, when once well established, 


the greenhouse man has to fight, so that he must exercise the great- 
est care when introducing new varieties into his collection, to see 


that they are entirely free from. all insect life before being brought 
into contact with his own collection. If that method is generally 
followed it will go a long way towards banishing injurious insects 
from our greenhouses. 
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Because it has been observed that the little mite of an insect, 
known to gardeners and florists and all those who grow plants and 
flowers under glass as the “red spider,” appears to increase and mul- 
tiply more rapidly in the most dry and hottest part of the green- 
house, the conclusion has been reached and the rash statement 
made that moisture in the atmosphere will effectually banish him. 
Nothing could be farther from the truth. When the only method 
of heating greenhouses known was the flue system, which was 
in vogue hundreds of years ago probably, and which, owing to its 
primitive methods of distributing the heat, that end or part of the 
greenhouse where the furnace was located was the hottest and dryest, 
and that is where the spider flourished and was doing the most 
damage; and because at the end farthest from the fire there were less 
of the insects, the writers of those days were led to make the asser- 
tion that a moisture-laden atmosphere was death to the Red Spider, 
and many writers since have perpetuated the same old story. Much 
that passes for scientific knowledge too often is not the result of 
observation and investigation, but is merely compilation. 

Professor Cranefield is a keen investigator, and the following re- 
sults of his recent investigations are taken from the columns of 
the American Florist: 


“Ts it necessary to maintain a moist atmosphere in the greenhouse 
in order to keep down the red spider? Will not the spider thrive as 
well in a moist air as in a drier air? According to the evidence of 
experienced fiorists the spider is most destructive to Carnations 
when the temperature of the houses is maintained at 50 degrees or 
above at night and 70 degrees to 75 degrees in the daytime, whether 
the air be moist or dry. When the houses are maintained at 38 de- 
grees to 45 degrees at night and 10 degrees higher in the daytime the 
spider is rarely troublesome, regardless of the moisture in the air. 
Roses are affected more or less according to the temperature main- 
tained, the higher the temperature the more abundant the spider, re- 
gardless of the moisture in the air. Palm and Fern houses are 
usually free from spider, not on account of the moisture in the air, 
but because of the almost daily syringing the plants receive, thus de- 
stroying the spider by force, and secondarily, of course, the fact that 
these species of plants are less susceptible to attack by the spider. 

“During the protracted heat and drougth of the past summer in 
southern Wisconsin many species of trees and flowering plants, 
notably Plums and Asters, were severely injured, in some cases killed - 
outright by the red spider. This condition was no doubt largely, if 
not wholly, due to the lack of rain, the lack of the impact of rain 
drops on the leaves and consequent drowning of the insects rather 
than the lack of moisture in the air. Evidence in support of this 
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theory was abundant in gardens where the plants were frequently 
and thoroughly syringed. 

“Referring again to greenhouse work, in former articles on this 
subject, I have noted the experiments in the plant houses at the 
Wisconsin Experiment Station, where live steam was allowed to es- 
cape into the houses for periods ranging from eight to twenty-four 
hours, completely filling the houses and without causing any injury 
er apparent inconvenience to the red spiders. 

“In order to obtain more evidence on the subject an experiment 
was conducted last March in one of our plant houses as follows: A 
closed frame, sides, roof and ends glass, was placed on a side bench 
over steam pipes. In this frame was placed a variety of plants in 
pots, including Clothilde Soupert roses, Coleus, Heliotrope, Tomato 
and other plants. The plants had all been carefully syringed for sev- 
eral days and were all apparently free from spider when placed in the 
frame. The air was kept moist almost to the point of SENG for 
several days with no bad results to the plants. 

“At the end of a week red spider was introduced by dropping on 
the plants several badly infested leaves from a rose plant growing 
in another house. Now, according to the commonly accepted opinion, 
the excessive moisture in the air in this frame should have prevented 
any increase of the spider. The actual results, however, were wholly 
different, the plants becoming quickly infested and at the end of 
three weeks were wholly destroyed by countless millions of red 
spiders. Both temperature and moisture were maintained at a high 
point throughout the experiment, the glass sides of the frame and the 
foliage of the plants being almost constantly moist. 

“While these experiments do not furnish conclusive evidence that 
red spider will thrive in a moist atmosphere there is in it ‘food for 
tbought.’ Is it not true that the spider is kept in check wholly 
by the force used in syringing? Does any gain result from the 
daily wetting down of walks, etc., practiced by greenhousemen?” 


Sulphur in its different forms is believed to bother red spider more 
than any other one thing. A combination insecticide, known as Sul- 
pko-Tobacco Soap, which, as its title implies, is made of sulphur, to- 
bacco extract and soap, I have found about the best and most effec- 
tive in stopping the ravages of this little pest; but to do any good it 
must be used nearly daily among plants when badly affected if we 
would have it produce the desired effect and restore our plants to 
health and vigor again. 

A good force of water, say with at least thirty-five pounds pressure, 
applied directly beneath the leaves where red spider finds its resting 
and working place will be found to keep it from making much 
headway. The great disadvantage we are laboring under, especially 
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in the dark, dull days of winter, is that we dare not use water on 
the foliage of roses too freely, else we run great risks of giving the 
plants more water than they need, especially on the leaves, and in 
that way encourage diseases that are even worse if possible than is 
the red spider. 


SOIL. 


Every tiller of the soil knows the importance of Mother Earth well 
tilled no matter what the crop. Any good, loamy soil properly pre- 
pared for a corn or any other farm crop, when the tiller is reason- 
ably satisfied that it could not be improved upon, is all right to be 
used for nearly all plants grown in a greenhouse. If, however, the 
desire is to go to a little more trouble, then a few loads of sod from 
an old pasture should be secured and carefully piled up with some 
rich cow manure and ground bone and wood ashes, the two latter 
ingredients weight for weight in about equal proportions.. The 
cow manure will give all the elements of plant food, and the 
bone meal will give some ammonia and phosphoric acid, and the 
wood-ashes some potash additional and some lime. Place the sod 
grass side together and a layer of manure occasionally, about one 
Joad of manure to five loads of sod or good loam will be in about the 
right proportions, and an occasional sprinkling of the bone and 
wood-ashes, about one hundred pounds of each to every five loads of 
sod would make an excellent compost. If this pile is put up in the 
fall, allow it to remain until the weather commences to get warm 
in the spring, then turn the pile over, taking care to break up the 
lumps and mix well the whole together. 

Soil for plants to be grown in a greenhouse should not be handled 
when it is wet, no more than it should for a farm crop. When pre- 
paring soil for large operations, the plan is to manure heavily a 
piece of old sod if possible with cow manure in the fall, and just as 
soon as the grass begins to grow, and before it grows too long so that 
it will plow down nicely and cover easily, it should be plowed without 
further delay, then a heavy roller should be passed over the soil 
a few times to compress same; then use the drag harrow freely, in 
this way most of the little holes will be filled and an almost level 
surface obtained. Then a good guaranteed quality of bone should 
be evenly distributed over the whole, and the ground harrowed 
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thoroughly again a few times to mix the bone and upper surface of 
the soil well together. That done, then apply about the same weight 
of good, dry, unleached wood ashes in the same way. These should 
also be well mixed by harrowing. The plot is kept continually 
stirred by harrowing, especially when sufficiently dry after rain, and 
the harrowing answers another purpose, that of keeping down the 
weeds. This soil is frequently taken into the greenhouses in from 
three weeks to a month after plowing, but never before three weeks, 
because serious damage ensues when taken in sooner. 

Crimson clover is being used to furnish humus and nitrogen in 
some establishments with satisfactory results. Cow peas also are 
being used to plow under for soil for greenhouse purposes. It isa 
safe rule to go by, that a soil on a farm that will grow first-class 
crops is a safe soil to use in greenhouses. Sometimes it is 
deemed wise when the soil is of a heavy clay nature to add road or 
bank sand to make the soil more porous. Coal ashes, when the rough 
cinders have been screened out, are frequently used for the sume 
purpose, and with no bad effects. 

For Ferns, soil from the woods, known among gardeners as leaf- 
mold, is often used with excellent results. Muck from a low lying 
nieadow, after it has been piled up on higher ground where the 
frost, sun and wind have a chance at it for several months to swecten 
same, is often used mixed with equal parts of clayey loam to ad- 
vantage, though muck is not recommended for roses. Air-slacked 
lime is also mixed with good results with this class of soil to correct 
possible acidity before it is used for greenhouse plants. 


PROPAGATING. 


The most natural way to increase most plants is by seeds, and 
numerous occupants of the greenhouse are increased in that way; 
but there are other ways of multiplying the number of a given variety, 
one of the commonest is by “cuttings” or “slips,” and this perhaps is 
the most fascinating part of a fascinating occupation. To take a 
sprig of a plant and insert it in soil or sand and in three or four 
weeks’ time have tiny roots emitted from the base indicates suc- 
cess and means an awakening of the senses to both young and 
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old, and the sensation incidental to the first attempt in propagat- 
ing plants in this way is more readily imagined than described. 

“Grafting” to increase some varieties of plants is frequently re- 
sorted to under glass, especially does this apply to roses. ‘There 
is in some soils with some varieties of roses a decided advantage 
in using “grafted” plants, and among the stocks used giving the 
most general satisfaction is one introduced into France and England 
from Italy half a century or so ago, known as the “Manetti” stock. 
The varieties of roses which show a marked improvement when 
grafted are what is known as the “Mermet” family, which consists 
of the Bride, a white sport from Mlle. Catherine Mermet before re- 
ferred to, and Bridesmaid, another sport from the same variety which 
produces darker and brighter pink colored flowers than does the 
variety from which it sprung. Among the advantages claimed to be 
gained by grafting by many growers of roses for cut flowers in winter 
is, that the plants produce more flowers and flowers of better quality 
than they do on their own roots. 

The varieties of roses referred to form roots very readily, as cut- 
tings, when given the necessary care which consists of never allow- 
ing the sand in which the cuttings are inserted—which is generally 
known as a propagating bed—to become dry, nor to allow the cut- 
tings to wilt by allowing them to be exposed unnecessarily long to 
the influence of the sun. Judicious shading of cuttings is at all times 
recommended, and a movable and not a permanent shading is con- 
sidered the better, for if a cutting is rooted under a dense shade, 
the young plants, rooted under those conditions, are liable to have 
their constitutions impaired. Consequently material to be used as 
shading should only be placed over the cuttings when the sun’s 
influence becomes too strong. Newspaper is very frequently used 
with which to break the fierce rays of the sun from the cuttings and 
is as effective as anything that can be used. If cuttings are once 
allowed to become dry and wilt, the chances of their ever forming 
roots is very remote indeed. On very warm days sprinkling the cut- 
tings occasionally will be a great help towards keeping them fresh 
and in a growing condition. In an atmospheric temperature 
of not lower than 56 degrees and not higher than 58 degrees at night 
and an under a bottom heat of ten degrees higher after the callous is 
formed, and the general temperature kept down in daytime as nearly 
to 65 degrees as possible, the cuttings should root in from twenty- 
one to twenty-five days sometimes longer according to the con- 
dition of the wood used from which the cutting is made, while some 
varieties root in much less time than others. 

Grafting is frequently resorted to where the subject does not form 
roots readily, but that is not the case with the varieties of roses 
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under consideration, namely the white flowering bride and the pink 
Bridesmaid, for no roses root with greater certainty than they. The 
great advantage the Manetti stock, before referred to, possesses for 
grafting purposes, is its strong tendency to produce numerous and 
vigorous roots, thus re-enforcing any variety, upon which a success- 
ful union—by grafting—with it has been made, against the many 
vicissitudes plant-life is heir to, whether said plants are growing out- 
doors or under glass, more especially perhaps when growing under 
the latter conditions. 

A serious trouble with roses in some soils is the presence of the 
so-called eel worm, scientifically belonging to the nematode family. 
These little worms in some way chew and feed upon the roots, caus- 
ing what is known as “club root,” thus interfering with the regular 
functions of the roots, and in consequence the general health of the 
plant is impaired. When grafted upon the stock mentioned if the eel 
worm is present in the soil, the vigorous constitution of the stock 
in question has the power naturally to recuperate quickly, and there- 
in is where its utility and strength lies. : 

There is another stock recommended under certain conditions for 
grafting purposes for roses, and that is the Rosa Multiflora, a wild 
rose of Japan. This stock, however, has been found too vigorous 
for the section of the tea-scented rose in general] ase for winter flower- 
ivg, furnishing sap presumably more freely than the Tea roses men- 
tioned above can elaborate to advantage. The American Beauty has 
so far shown no decided advantages when grafted on the Manetti 
stock, which, by the way, is itself increased by cuttings, whereas 
the Multiflora is very easily raised from seed, which is much the 
cheaper way to get up stock, and if the Beauty took kindly to the tat- 
ier stock it might be advantageous to use it for that purpose, be- . 
cause Beauty does not root with nearly the same certainty as does a 
Tea rose. It may or it may not surprise some growers to know that 
Golden Gate and its white sport Ivory, with their natural vigorous 
constitution, are considered by other experts to be improved by 
grafting on the Manetti stock. 

Before leaving the subject of grafting, it may be mentioned that 
dormant pieces, with two or three eyes and two and a half inches long 
or so, of the celebrated and popular Crimson Rambler rose, which 
is seen on every hand outdoors in full bloom in the month of June 
in and near to the larger cities, and grafted on any congenial stock 
the Multiflora has been found admirable for this purpose—and given 
proper treatment under glass, may be had in full bloom in a four- 
inch pot the latter part of March or early in April, and such plants 
make excellent gifts for friends, or find ready sale if prepared with 
that object in view. 
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Carnations are easily raised from seed, but unfortunately out of 
one or two thousand young plants there may be no two alike and 
may be any other color than the variety which furnished the pollen 
or that which produced the seed, and two-thirds of the flowers are 
very likely to be single and of no practical value. But by seed is the 
way which such celebrities as “Mrs. Thomas W. Lawson,” ‘The 
Roosevelt,” ‘Prosperity,’ “Adonis,” “Enchantress,” and other meri- 
torious varieties were brought forth; but to be absolutely sure that 
we will get the same color, form and size of any special variety, we 
must increase and multiply by cuttings. And what holds good in the 
case of roses in the propagating bed will serve as a guide to the 
management of Carnations, excepting that a cooler temperature is 
recommended for Carnations, from 52 to 55 degrees at night and not 
higher than 60 degrees in day time when possible and practical, 
with plenty of ventilation night and day, weather conditions permit- 
ting. Some varieties of Carnations are inclined to sport, so that a 
sharp lookout for a variation from the original is always in order. 

Among the many favorite flowering plants for the greenhouse that 
may be raised annually from seed, are the Chinese Primrose (Primula 
sinensis), Cineraria stellata or the so-called hybrids from (C. cruenta 
and Cyclamen, all of which are deserving of a place in any and all 
cool greenhouses where pot plants are grown. All the above delight 
in an abundance of air on all favorable occasions, and a night tem- 
perature of 45 degrees will suit them admirably. This brings us to 
the subject of— 


ANNUALS FOR WINTER BLOOMING. 


Nearly all the annual flowering plants may be had in bloom in 
the winter-time, provided the seed is sown at the proper time. The 
Mignonette is an annual and is one of the most popular flowers for 
winter blooming that we have, principally on account of its unique 
and delicious fragrance. The size of the flower has been wonder- 
fully increased during the past decade. ‘This has been brought about 
enlirely by selection. One of the pioneers in the improvement of 
the size of the flowers of the Mignonette states, that he secured seed 
from every source likely to have something superior to what was gen- 
erally grown, and when all the plants resulting therefrom came into 
bloom, only one plant was set aside as approaching the ideal, and 
from this one plant, seed was saved, and this rigid rejection was kept 
up for years until a vastly improved strain has been secured. And 
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what has been done for the Mignonette may be done for nearly if not 
quite all the flowering plants grown; especially does this apply to 
annuals. At present the Mignonette is the most popular annual 
grown for cut flowers, and the commercial value has been raised from 
a dollar per hundred twenty-five years ago, to fifty dollars per hun- 
dred, the latter price being realized at Chistmas time a few years ago. 
Though at the present time, I regret to say, so high price is not main- 
iained even for the very select because the high grade has become 
more plentiful. 

To find out just when to sow the seed of annuals to have them at a 
given time, at Christmas for instance, some experimenting will have 
to be resorted to and careful observations made and notes re- 
corded. Mignonette for winter blooming is generally sown the 
latter part of July and the beginning of August, and as it is a diffi- 
cult plant to transplant successfully, the seed is recommended 
to be sown where the plants are expected to grow and bloom; if in a 
bed under glass, after the soil is carefully prepared the bed is checked 
oft a foot or so apart each way, a few seeds are dropped at the junc- 
tion, exactly the same as is the general practice when planting corn, 
Other growers sow a few seeds in a three-inch pot. In all cases only 
one plant is left, and the thinning out is done as soon as possible 
after the plants become large enough so that the most promising 
one may be selected, thus giving same every opportunity to develop 
into a strong and vigorous specimen. And the plan adopted in the 
growing of Mignonette may with more or less modifications be car- 
ried out with other annuals. The methods of culture will have to 
conform according to the use to which the plant when fully grown 
is to be put. For instance, the Mignonette is not grown to any great 
extent as a pot plant, it not being sufficiently showy for that purpose, 
as it is grown principally for cut flowers. It is generally grown in a 
solid bed especially prepared inside the greenhouse, though we oc- 
casionally see some excellent specimens grown in pots. 

Among other annuals that are successfully grown for winter flow- 
ering are the different varieties of Sweet Peas, and so far these are 
grown exclusively for cut flowers. The dwarf or Cupid varieties 
might be grown as pot plants, but the climbing varieties, to make 
presentable specimens, would have to be grown in large pots with the 
top of a birch tree or some other equally twigy bush to climb upon. 
All the varieties of Nasturtiums might be tried, both dwarf and 
climbing varieties. Some varieties would be found, after a test pos- 
sibly, to answer the purpose for winter blooming better than others. 
In England such selections have already been made suitable to the 
existing conditions there. Whether the dwarf varieties would pro- 
duce flowers with sufficiently long stems to be of any practical value 
in America for cut flowers can only be known by experimenting. Cer- 
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tain it is that as pot plants the dwarf varieties grown close to the 
glass in full sunlight, and in comparatively poor soil, and care taken 
not to give too much water, and in a temperature of from 56 to 60 
degrees at night, very showy plants must resuit. 

Among other hardy annuals besides those named may be men- 
tioned, Sa/piglossis, with its browns, yellows, and crimsons, beauti- 
fully veined in lighter or darker shades with occasional dashes of 
blue, giving color combinations difficult indeed to describe. There 
are dwarf and taller growing varieties but among the taller varieties 
there are none which might be given the term climbing. 

Brachycome tberidifolia or Swan River Daisy, is dwarf and com- 
pact growing, with flowers both blue and white with darker center, 
and is very much like a refined form of the Cineraria. If grown 
dwarf and compact, these would make very beautiful plants for din- 
ner table decoration. 

Schizanthus in a variety of shades and colors as purples, lavenders, 
pinks and whites can be had in bloom in the winter without any 
difficulty whatever, and they are certainly very light, airy and grace- 
ful. There isanew variety known as S. Wisetonens’s, which is likely 
to be heard of in the near future, as it has met with much favor in 
London recently. 

In conclusion, let me admonish all who operate greenhouses, 
whether for pleasure or profit, to attend strictly to every litUle de- 
tail, for if anything requires strict attention in every detail, both 
large and smali, it is greenhouse management. No matter whether 
for pleasure or profit, cleanliness must be the watchword, if there 
are a few meritorious specimen plants in a greenhouse or green- 
houses, a lack of cleanliness detracts very materially from a place 
so operated, no matter how pretentious. 

When a mixed collection of plants is grown they should be cleaned 
from decayed and decaying leaves and flowers and rearranged at 
Jeast our. a week. The variety in effect produced by judicious re- 
arranging is another of the charms of a greenhouse, and it is need- 
less to say that empty pots and dead and dying plants should be 
removed without delay. Plants respond very gratefully whenever 
intelligent attention is given to their needs. 
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PHOSPHATES. 


PHOSPHATIC OR PHOSPHORIC ACID FERTILIZERS. 


THE DIFFERENT SOURCES AND FORMS OF PHOSPHORIC ACID USED IN 
AGRICULTURE, AND THEIR METHODS OF PREPARATION AND 
APPLICATION. 


By H. J. PATTERSON, 
Director and Chemsit of Maryland Agricultural Baperiment Station. 


INTRODUCTION. 


Phosphates possess considerable interest to the agriculturist 
beyond their great importance in the every-day practical considera- 
tion of the means for maintaining and increasing the productive 
capacity of the land. 

The foundation of the present system of agricultural chemistry 
was laid in connection with the study of the use of phosphates. 
The growth of agricultural chemistry, with the research based upon 
it, has brought about the development of the other sciences as re- 
lated to agriculture and so produced all that may be encompassed 
by the term “Modern Scientific Agriculture.” And phosphates may 
be said to be the initial of all that which may be hoped for as a 
result of the vast and world-wide efforts now being put forth in 
all classes of agricultural research. 


HISTORICAL. 


There is no definite record as to the time when the use of phos- 
phates first came into existence, but as far as can be judged from 
the early records and writings upon agricultural topics, there seems 
to be but little doubt that the first commercial fertilizers ever used 
were chiefly phosphatic in their nature, and the good results which 
attended their application was mainly due to phosphoric acid. 

From some notes of Varro it might appear that phosphates may 
have been used to some extent even B. C., but it is very sure, that 
even if such were the case,it was not until comparatively recent times 
that the value and need of phosphoric acid was actually recognized. 
Writers record that upon the first invasion of Britain by the Romans, 
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the natives were found using phosphatic marls to obtain better 
crops. But these practices were the result of accident or mere 
observation, and were not based upon any knowledge of the rela- 
tions of soils, fertilizers and plants. The same is true of the prac- 
tice of the Indians of putting fish in their hills of corn, as observed 
by the early settlers of America, 

That there were no very definite ideas in the minds of the early 
users of phosphates or other mineral plant fcods, at least ideas 
which correspond with the present existing theo:y of the relations 
of plants to mineral plant foods, is evidenced by the fact that 
the Prussian Academy of Sciences, in the year 1800, offered a 
prize for an investigation to decide whether the mineral matters 
found in plants are taken up from the soil or whether they are 
produced in the plants themselves by vital power. This question 
was treated by Schroader, whose decision was in favor of the latter 
opinion. 

This opinion, though probably quite generally held, did not re. 
main long in force, for Saussure, in 1804, declared that the mineral 
matter of humus contributed in a certain degree to fertility, since the 
same minerals are found in the ashes of plants. Sir Humphrey Davy 
was the first to consider the mineral constituents essential for the 
development of plants, as is evidenced by his statements in £e- 
ments of Agricultural Chemistry, London, 1814, to the effect that: 
“The chemistry of the simpler manures (the manures which act 
in very small quantities, such as bone dust, gypsum, alkalies and 
various saline substances), has hitherto been exceedingly obscure. 
It has been generally supposed that these materials act in the vege- 
table economy in the same manner as condiments or stimulants in 
the animal economy and that they render the common food more 
nutritive. It seems, however, a much more probable idea that they 
are actually a part of the true food of plants, and that they supply 
the kind of matter to the vegetable fiber which is analogous to the 
bony matter in animal stomachs.” Springel, in his 7heory of Manur- 
ung, published in 1839, was the second to express an opinion to this 
same effect. He said: “We can accept it as an indisputable fact 
that mineral matters found in plants are real nutrients for them, 
and that it is not their action upon humus which make them im- 
portant, since gypsum, potassium, sulphate and calcium phosphate 
do not at all act upon the humus.” 

Closely following the statements of Springel, came (in 1840) the 
published results of the researches of Justus von Leibig. Leibig’s 
results laid the foundation for our present agricultural chemistry, 
and entitled him to the designation of the “Father of Agricultura! 
Chemistry.” 
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While, as has been stated, mills for grinding bones existed early 
in the nineteenth century in France and England, and enterprising 
men went so far as to dig up battlefields and unearth thousands of 
tons of bones for agricultural purposes, and as it is even claimed 
that the credit for making the first super-phosphate is due to Sir 
James Murray, which was done in 1877, yet it was made without any 
real knowledge of the change which took place or application of the 
practical value accomplished. 

As a result of his researches, Leibig pointed out that by treating 
bones and mineral phosphates with sulphuric acid, the insoluble 
phosphoric acid would be changed to a soluble form, and a consider- 
able quantity of gypsum (sulphate of lime or land plaster), would 
be formed at the same time. The experiments of Leibig were sub- 
stantiated by those conducted by the Duke of Richmond in com- 
paring fresh and degelatinized bone from which he came to the 
conclusion that bones owed their fertilizing value not to gelatins 
or fatty matter, but to their large percentage of phosphoric acid. 
These experiments were still further confirmed by the results, 
shortly afterwards published by Boussingault. This set all uncer- 
tainty with regard to the value of phosphoric acid at rest and es- 
tablished its value and necessity on a permanent foundation, marked 
a distinct epoch in the uses of phosphates, which, from that time, 
has rapidly spread and been constantly increasing. 


THE ROLE OF PHOSPHORIC ACID IN PLANTS. 

The function which phosphoric acid performs in plants is quite 
varied, yet in all cases exceedingly essential. The present status 
of this subject has been fully set forth by Dr. Oscar Loew, in Bulletin 
No. 18, of the Division of Vegetable Pathology, U. S. Dept. of Agri- 
culture, “On the Physiological Role of Mineral Nutrients.” The 
principal points which it might be well to mention here are that the 
chlorophyll to which the green color of plants is due, can only be 
formed in the presence of phosphoric acid and, hence, all the essen- 
tial functions which are closely related to the chlorophyll are 
dependent upon this element. Relatively large proportions are 
found in yeast cells, in seed just forming and numerous other 
microscopic organizations which are playing so important a part 
in the growth of plants. Proper embryo development of seeds seems 
to be dependent upon phosphates, and some observers have claimed 
that the total mass of protein in seeds is increased by an increased 
supply of phosphoric acid. 

THE IMPORTANCE OF PHOSPHORIC ACID TO CROPS AND THE NEED 
FOR SUPPLYING IT IN FERTILIZERS. 

It has already been stated that phosphoric acid was very neces- 

sary to the growth of crops and particularly essential to the ma- 


turity of seeds. 
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Though there is little loss of phosphoric acid from soils through 
any source except by crops, yet they draw on the soil to a con- 
siderable extent. The amount of phosphoric acid in various farm 
products and common products which farmers are familiar with is 
given in the following table, showing the fertilizing constituents: 

TABLE 1. 
SHOWING PHOSPHORIC ACID AND OTHER FERTILIZING CONSTITU- 


ENTS IN AGRICULTURAL PRODUCTS. 
Compiled from Tables in Hand Book of Experiment Station Work, O. E. S. 
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TABLE 1—Continued. 
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PECEUICLOVETS tiie cfo’ols/a\sisislaicratalove/eio{alerelarsiotelatelelelete re: svetelotoistaleistatetate ee 11.3 6.93 2.07 0.38 2.20 
Mammoth red clover (Trifolium medium), ......... 11.41 8.72 2.23 0.55 1.22 
BVVSER UC Ce CLOVE Iii ole. ctaie.o(oaieia(a\etelninialoisicieie (ainsi e(etoleiateie(ole’elanintelelsictell statatatetalatal aol Latstetajataratetale 2.75 0.52 1.81 
Scarlet, Clover: tq. cain aeciancieie’s sicipie seis soles vatectere » Neate crests 18.30 7.70 2.05 0.40 1.31 
PAI SIC MU CIOVET miocieieis - oinvarctacloietssisiciot eeciseieetelsibeleietetee erars 9.94 a AER i} 2.34 0.67 2.23 
CPM eeh EAT Mme resnhs,o, oveyel s iavalcie tele als) sete axe\atnls wie wistelsieve,ccateldiove tele ales piers 6.55 7.07 2.19 0.51 1.68 
Blue melilot (Melilotus caeruleus), ...............6.- 8.22 13.65 1.92 0.54 2.80 
Bokhara clover (Melilotus alba), .......:............ 7.43 7.70 1.98 0.56 1.83 
Saintoin (Onobry Chis SAtivayi Sere <nlerreicisielseie = cle << ielers 12.17 7.55 2.63 0.76 2.02 
Sulla (Hedysarum coronarium), ...........scscsscceee QESG i Netcare «crave 2.46 0.45 2.09 
NOLS RV ITLOS IS ore ai eroiaisis-rcioisrs sheteleraec aelerainosdoarereraks B son veheis 11.52 $.23 2.10 0.59 1.81 
Sojayibean (Gwholesplant))s (.cccccietee ce ocncteleseieteieveie ara/ele,o\elemne 6.30 6.47 2.32 0.67 1.08 
Sojambean) (Stra) | ie as mise isc sere staisiels,srog's oleicie\clonc eraunte's ejeieree 1300 Meck cnacee 1.75 0.40 1.32 
Cowmpear GwhOles plant) ey ocpice a cjalcleteloie eve aicteisis\s sisisei stele sctere 10.95 8.40 1.95 0.52 1.47 
iia ve IED PS otoaonduosooad Coan ounddsopnuaebacnoDEScoUnad 7.39 10.60 2.7 0.78 0.65 
SCOLCHIE CAT ESS © occa austere fats esate ote Cepaisicraistale the iererainretereiers ioleisicte ste DER OU raetevess eicters 2.96 0.82 3.00 
Oxeye daisy (Chrysanthemum leucanthemum), .... 9.65 6.37 0.28 0.44 1.25 
WGYG CATO’ LODSs © syejstsis/ais arsiosclereie oisielae svete siereiwiolel csv ereelarsloletelele 9.76 12.52 3.13 0.61 4.88 
PAPI E V8 SETA Wet cee ciate o\e\s brates ofa) ccniejcseispejetstatera, b.ctekersieitistotersiniaiae: = 11.44 5.30 1ST 0.30 2.09 
layne Gay (lei neagnooocasndodc sootdnpsoonecudadosasacbocae IES eeAgasanaS 1.01 0.27 0.99 
MideGine “Reha » oooanoananooopsuenododecconaoncenousp suede: 12.56 3.81 0.59 0.12 0.51 
RR MARLE 2) tea CED ET cme revatonateseiate tiatars)ofa(alloless{alarata retain’ efelelatereletateya\etetoterstale 8.05 7.18 0.79 0.70 0.42 
PEC Y CMS ETE W. gl cye ciclo s!nloiesercie vieveiehe Nets eiarateveis s/s er eleistoisloye intecalarere) sists 71.61 3.25 0.46 0.28 0.79 
AEBS Ea Wrrametr cece cin vice cirictans ct icfoletatels) sj siete eractteielerattoiiieloinete 9.09 4.76 0.62 0.20 1.2% 
IB aya e AUUREE ob opponnocasbouapaeeencatdubosuntootan Db Ve SoRcuciopon 0.49 0.07 0.52 

ROOTS, BULBS, TUBERS, ETC. 
MOESSCOES ST trersretjacsicie:cisjevereieietetaoioreiotelelote\cieyeia's olejerevosetetera sei ePorarctezers 19.75 0.99 0.21 0.07 0.29 
ROG DEOL teeicraleteleinveteiefolosorsvelalsloreleleafareieiaisyelstefaieis\slerelnietsieielerarctatete 87.73 1.13 0.24 0.09 0.44 
PVELLOW TOMOET, DECES tn miciciaretoisle rein clefaiclsselate sicicieleletermieiernetetsietereie 90.60 0.95 0.19 0.09 0.46 
Sum ar IDCCES cc loctes care ie ayes Solel Rracctersiais ware stocrenvaten ele 86.95 1.04 0.22 0.10 0.48 
IW ATISE)—“WHITZOLS! 5 ict sere cre eters aieicereiceisieie oie say aloteie ate eleisiers 87.29 1.22 0.19 0.09 0.38 
BRUISE DIS ein Crete odaveve 8 sus afove c/o elec wiersieis ©.ojefdresdsnya abate piceteterasaueteta's 89.49 1.01 0.18 0.10 0.39 
ERT ECA A AS ae ols satetstey= oletolelsieiojstet ele otetsioteve nic, alelclelcteleieletcieieteie.s ekeloters 89.13 1.06 0.19 0.12 0.49 
GATT OUEST) Cate py. c's sto ciesoleeieis cise siaielsCineiviatee a sjeleate wiatelee aeieiaie soe 89.79 9.22 0.15 0.09 0.61 
GRAINS AND OTHER SEEDS. 
(Gloom oka nIE easuostbes dpconseraacoborontsanccsenocsanee 10.88 1.53 1.82 0.70 0.40 
SYordedeh boon fier Anan qnasodnocnsanosesneacocbadosbends Sefeiets ICI | poneasonad 1.48 0.81 0.42 
SAT ICV AM crescent ee ICT TE ONS Colne ele tes eee 14.30 2.48 1.51 0.7! 0.48 
(Oe) “VCO Paes Sore pRemcr cnt ase an GreRee tis karm mn tect c 18.17 2.98 2.06 0.82 0.62 
IY DEBE BCS DUEIIE ioe cic cle-sicise'siovicarasiac es See clas sleikecnen memine 14.35 1.57 2.36 0.70 0.39 
Vian Bint Go bole=s 0 hs span oecuopdoacsccoosDodeneoondoadense dad 2 CS ey Secentaaer 2.36 0.89 0.61 
DFRSGy OMCs cle leicieicle Ve ace caie)siaierals eieipievole orate eloiavelcle afeteiersieleies cis.clsls(cioneneere MARSOC osieiercieice 1.76 0.82 0.64 
MOOMIMION SINNITIOE,, © 251.0, cvciassieceioicvsistale:sralelsletoe ws einicte: diateiceeraiste T2681}. aeces eras 2.04 0.85 0.36 
PADANIESE MINIS a iareietoiniciste loess ciovevs/a\nintsialetaicteseseteinieleretetotteitteicte ASIGSial 7 aieeisclee 1.73 0.69 0.38 
EU Ciara <feloyniciavtorclojaisieteicinralerots) erstetcveleistataistate svateiercisfernieiele ciclo’ etentore | 12.60 0.82 1.08 0.18 0.09 
RICE WCAC nisin sate, sleintelais ie cjaale reise aia «. dolale(aiarstatelays sielelainielsiere DAE AO eee steve </eln 1.44 0.44 0.21 
teh Flee heh a Se acobocdop rddapOsmConsncCobpacobonadepcécans 18.3: 4.99 5.30 1.87 | 1.99 
MILL PRODUCTS. 

(Gfoyelnl, seals: ney SACO COR ASHE Gran aaone ot enes cae erermaames 12.95 | 1.41 1.58 0.63 0.40 
Corn-and-cob meal, ........... FERRE Beha ereneesader ae BEGG lc esses 1.41 | 0.57 0.47 
EOUNG GATS k Sch. sho tue doh~testnaes dedat Jeeceae Pacer Ag 3.37 12862" 0:77; 0.59 
Ground Darley. Vea sesetcctescn is ocie seen ciao oleleclte bass (orate 13.43 | 2.06 1.55 0.66 0.34 
eaiGy glide a aasnoopaddoba dod dcnoBpstcokcooudo 2o0ues000003¢ A S20 rare micracctars 1.68 0.85 0.65 
Wheat Hour, v2. arent ee eee te eee ek ae 9.83 | 1.22 | 2.21 0.57 0.54 
PGRN OA Mew errmintelejats sferelcle pialaiain(aialete stoieletalsiaetante ls iciereisietsie strates 8.85 2.68 3.08 0.82 0.99 
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BY-PRODUCTS AND WASTE MATERIALS. | 
SOUS COWS Se rorciersiciare cre vialeie sierahs lela’ olt cine clateisis sislete cata /sPalsieieleloresc, 12.09 0.82 0.50 0.06 0.60 
PROM INY? “LEO Sista ecle nc atelc wiescie\slo'ecjeiereisje\vieleis.s,c/aie oe sje\s/03:ereirivis 8.93 | 2.21 1.63 0.98 0.49 
Gel TeM IMC OLL We esape creosote 8.5 slate a fo cla csc icistoie mints iavels the (era(aioterate ayers 8.59 0.78 5.03 0.33 0.05 
Starch steed’) (ehicose. refuse), 0 ).s)cjscteere s sie sieieseseleicie o-slseis SslOl Meswissjccees 2.62 0.29 0.15 
AVUed Tae SPOTOUES 4 Mctote.ciojaie's =to1(a{oFrie/s\arote\obe,siaibj-,e/tis/e)e¥oie{a/ere'sjohelay<psteis 10.38 12.48 3.55 1.43 1.63 
ISTE WEES ase TAINS (GTY)E Majic care: Nels/s cisiaie\sia7assiale(='=0s ofajs/='eisiavele 6.98 6.15 3.05 1.26 1.55 
ISTEWETSAI STAINS UCWEE)) Oeicrste « o'e/s(ciclolstalere'sicreisis Siareis/ele'els oes = (beh al capensis 0.89 0.31 0.05 
BEV CMI EUIUSN tere tacescye ciststacsictelsleross| ste isie/eietars ates crac sisjsienvetelsivieitiela ree 12.50 4.60 2.32 2.28 1.40 
EU VOMIT TCL DIT SIUM ey. cxatyers ciara nr srate sis ere jaraicwwieis alee Ns e/a Seieeisicve/s 12.54 3.52 1.84 1.26 0.81 
RUWF est tam Dorel ri mary aret stele cra tees ar sasas eloipis ereieie a ave eeverneie eles nue ierere 11.74 6.25 2.67 2.39 1.61 
WUC ate INI GINS Ss. sce rasare tress eos vos wile s/afeveucie s/eieieisieaiaie 9.18 2.30 2.63 0.95 0.63 
EVIGGme CAT shh cisele. cise raises wos sie afore ais elelene oieleaio,eeibis sore asesolscels 10.20 12.94 0.71 0.29 0.24 
UICC MEDOLISTI oh eerste lente censlemiclccsins fash se citucsceres 10.30 9.00 1.97 2.67 0.71 
BUI CEWNCEL, TOONS SHAE ore cic aisic ete cicictsic ents, Slelnsios cceieieinins 14.70 1.40 1.38 0.68 0.34 
Gotton-seedemealamenaine st: cea hte nce: eleven eae nite i 9.90 6.82 6.64 2.68 1.79 
@atton=sced) DUllss ~. veces sacw ovaus ta wae eo ea we slaciajecte ea 10.63 2.61 0.75 0.18 1.08 
Hinseedemes | (Old: PrOCESS) 5 micieie,s.c cieleisis o.clncieis seiseeeeis ‘ae 8.88 6.08 5.43 1.66 1.37 
insecedpmeal (NEW =prOCESS) he scicicisisitis\s: o's, sc.« ceralaleiele sherviste Hfettt! 5.37 5.78 1.83 1.39 
APPLES SDOMAGCES Valet stvrsisiersiccers aiaiclareisiols sstersseve cz ovajele/eeisiaje aie 80.50 0.27 0.23 0.02 0.13 
VEGETABLES 

PALE CHOKES aoe tye stolen sleitialets cisierare ieleie ane eye asessterasole etsps. ators shart a ope 81.50 0.99 0.36 0.17 0.48 
FN SNAT ASUS SULCTIIS wr. =a1b clelovoressisteieie'sleisiaiessieieie eye eel sieWiere)s{e(oieis 93.96 0.67 0.29 0.08 0.29 
SCANS HEPA ULC et eet at erro s aiclctebeiialcei Paid stoesey Mele cia rstere 15.86 3.53 3.29 0.95 1.51 
isterniGy De iteckin aoa e oe Eon Oa OOen Ono cages Cnn aaeE Er 68.46 ARGO esatsre ooseiereal otalets eerste linens ee sis 
ES CATISS LS CUI etatee Aa stotave la nithey-etrelsielelsaicmicje,s s e/a? sjoteta|ela/eiers ore = 7.23 Qe1OM le crekrcuretisivbccieiceoete tell cin oeeielserae 
BOOTS SET OCs pect asieie a aarale ce aiatate aio ialdle Sisveraielt si leleleleleinaiatnties 88.47 1.04 0.24 70.09 70.41 
MSAD AET CS ee ores s Beat tas seavale slate erations set oreielasole as apaccdelayetstalamnineie aes 90.52 1.40 0.38 70.11 $0.43 
CEISTOSier nopbdnnsanoranarada tide nonaac ae pornRn canes tar 88.59 1.02 0.16 0.09 0.51 
Ghyllb\ilsnxeey Roonae oa aharine Gul de no GOpROnTAaOnCer acCuaAe Tore 90.82 0.81 0.14 0.16 0.36 
Ghorosituberss Loca. cesses ce see ce csc mace oie 78.90 1.09 1.92 0.19 0.64 
NOLO Ie WHOLE PTA Gs eae reve r< 2 scaseie aiciets-ale"siern laleianie-</arele sieve 78.38 NEPA perc sls Weieleleiele’a'e) |eleleislersieielers 
GUCTITIDELS, Wetsas aise stioasie hoes ahare sie a ore a nieveainies Seno tein ole 95.99 0.46 0.16 0.12 0.24 
THEI EI. Anoatarnangcasnooo ncn Oticd as ebotmOEa ac toate een 92.93 Las Us! eeriamsinte? rio ubdocorl dos bpacrh 
EVOUSGaraGishimrat, mir cta nist seine series oe cietateietssa mais rereienre 76.68 1.87 0.36 0.07 1.16 
TESCO TUM eM Does estetey cc cyt tavsbove ela rms wtSlove o aiavoreyaro aiateraeysislaimie sare eee $1.08 1.27 0.48 0.27 0.43 
HHCTULCEMICAVES «isl cinslecereene beleloe s.xixve)e7m safle erate lo everete ariel 86.28 MIS IELB I ays aver aferssckstel| ater efelerers)siallislerefote gosnd 
Pe ttICC EST GMS = sacs saree oe tee eens seee 88.46 PLS ede crsesvore Were cries erase |e shipeaetsle 
Heettuces wholemplantae cers: caasts<aaten ees aaee ea ees 93.68 1.61 0.23 *0.07 *0.37 
Moriskimielonss interiors, JU1CO ss roicislarete s nereletasfelere stare) <'ofe stale 91.62 TE Eee Braso oor GenapaeTn> lancucdudcs 
MISKIMELONS PeDUN PD!) cteiers co cleia=ys laters syclasnis aici eraic Ate ererersee vias 76.44 
IMnucKmelONS MepUlp VIJUICO A” <iicc.cs cic wiice neces ie siates oc cseas 90.53 
MSE IMETON Ss oT y are cicielein\ers clalesscteiswreiee civic oie tie elses siels eaters 91.15 
WihsGiehiel Asia Besotqgoncodeedd ded sod Coben douScaorsourD 84.19 
OME, ooddaste sopus ver sgcucteddorncan boar costoscSpormoaeaar 87.41 
TOMS 5 ayrisiatessi<ile orsis)atera ieiais ore Slae store eid sioiefeisicieleo ssieisis oleelomee 87.55 
AMS TAI Soy ini=(a(-ielorelsralefere)s sist svete: sis oeis'eisis's(e' stare sieie's ais.« sie S/erets © 80.34 
IBC ass Canad ay Tela yee sawteterors/sve.forclovateleveresciejarateiesslaveteis:cisiereetsis 12.48 
eke LT COD aa et ay jo: ciaiaraiarele/alcy erste sven aioteracolars fore Gist saa aiet 12.62 
CUS eM SL CCIN IL faisiesoteleselalaratale<Volatolereyafeya apshiers' te sielerels «isisis|aja\e sfs)a\c 79.93 
Peas, small (Lathyrus savitus), whole plant, ...... 5.80 5.94 | 2.50 | 0.59 1.99 
UNDP TS pete SIA moras ce feracloleleislore cizyelaiecisyaratarete otele vc cieieieisiete cere 93.39 OF67- || Pascoe BdGl paudduaS ppl hookpacenc 
PUMPING, TING 1c. n1ci-loieie(vieiesleis etalotefoletesaisiaierelofeisreis (ere «istovaiarats + 86.23 ERGY I ioaaaonaan pl boauocdoTe ocsocedor 
Pumpkins, seeds and stringy matter, ............... 76.86 A BAG sraserereieye atsie'| © se ceeeece Joie cleieisiesie.e 
Eumpkingewholestraita sy ccs een eek eee | 92.27| 0.63) 0.11 *0.16 "0.09 
EUNUD ALY Per OOUS  Wisetesacersesigec clean see celts otet siaaeaee | 74.35 | 2.28 | 0.55 | 0.06 | 0.58 
eter band) aternanen Pee ee tu kee ame Sowa hak hoor | 92.67 0154" tert te' Nake a |:Aecaeaes 
Rhubarb, stems and leaves, ........0ccc0cceceeeeeeees | ot.67 1.72 | 0.13 | 0.02 | 0.36 
UL AD ALAS semeeea ey. aeierete ceed tare oe cree Haron weeks cottons tame | 88.61 | 1.15 | 0.19 0.12 0.49 - 
SDINACI Wajen ccc) cone dereantaier OW. Aiea rertig. ejeratialaaiinsinaie 2a 92.42 | 1.94 0.49 0.16 | 0.27 
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Squashes, rind, .........eccscccsscccccscccscccsececscecs | 82.00 | 1.21 | avers 'ejeioinle'a]s ee S000 sSleedsrs see 
Squashes, seeds and stringy matter, ................ | 74.03 | MOG | emvatachsiee |e eek oe eee swe 
Squashes, Whole Lrult) a1 ioiateicrcjecieiccicieieeccicleisiee eva se pinle | 94.88 0.41 | Seaeate mickavevalel ls aleteiefeletelere | lersletatereteters 5 
SSWCOtH CORN CODE a staieseictetalele otslololelalslelefaieisfolsielelcleialalels/sineinleiele 80.16 | 0.59 | 0.21 0.05 0.22 
SVCCERICOLM,) FUUISKS! | sejncicielelsiele ofaie ejeioielsisiciole site teraieiatecetetoteiote 86.19 0.56 | 0.18 0.07 0.22 
Sweety coun) keruelss sc <s-cc-as seohievesgee soem ea sn acoee | 82.14 | 0.56 0.46 0.07 0.24 
SWEGERCOEN, o SCAT © elscsyatcieicluis oscistelclel=sie'e/olsiolelelelsinielelaletninele 80.86 1525; 0.28 0.14 0.41 
Sweet potatoes, tubers, ...cccecceccceccecviecciesseccses)| 71.26 | 1.00 *0.24 *0.08 *0.37 
IWECLEDOLATOES) OVATICSS os ccicic.cicis cits siele/e ofelcisielcleisivieleleiivlevniele 41.55 RTE sonaacuoon! ooseodacon! oasusooD6 0 
TOD LCCO NT Maeve iets cre eielsie ele lols revere ejetalaieisYs(ocetolesats(eioieve elezelerelsvelersjsieiel] ereinvele (ete sts: ASL2T Aleeencyeleotins 0.55 3.81 
PROUT ALOCS martin ts mrctetohelorstetcieyel ste) olere/aare esl eteloie te sie isiersiersisisialsysiarete 93.64 0.47 0.16 0.05 0.27 
PGA OCS MO OES wire oie ste) sfe¥eretoleioloveleya|s\clelerajs ace/e)elale aie/a\ataie sYa/eiste 73.31 abl sre) 0.24 0.06 0.29 
TROMIALOSSe aVATLOSs Meiolerclorotaicielelelelerelojsia/eveleisiaia/everasvarelelereiiere/erereral 83.61 3.00 0.32 0.07 0.50 
STSATTAUPNS Smee reteta ctstera cfeleiore aie a eiciancielciaieraielsisinte einisteleielefelsieleierereietereete 90.46 0.80 0. 
VCORE LOTS se JULC]s | ejere clesetars/loleisislalelers vis oleeis/aieistereiole o.ciotelete 93.05 0.20 
DWVieihERIN CLOTS AULD), | ereinicrelecetensicseselefeltielsi-velaisiersisiehelsvelele1s/ofereloys 91.87 0.33 |. 
BVA CEDIMELOMS omit ltl Cle suiejarclevapaistalore’sisieratsreyctatsl steleschcieisia)ateieistela(ehels 89.97 NDA eon ave (crelelathe ere citeleteleteil sleteteters slate 5 
IVVALELINEGIOUS,. BECUS A) ck acciercsalece-ele a(oeioisislcieielsieleieieiaisseieim viele 48.37 1.34 [octet eee e sees cece ee tees ndarno 
Apple leaves, collected: in’ May, ........cc.0000ceccsees 72.36 2.38 0.74 0.25 0.25 
Apple leaves, collected in September, ............-+6- 60.71 3.46 0.89 0.19 0.39 
PAI PLM MEE ULC) speteycrs nts e erotelsfatstsioratete/ateielsiepeietel tsioleietecaieleisictecialere'e 85.30 0.39 | 0.13 0.01 0.19 
Applestrees: (young), =DrAaNCHes) esel-(e/- secjeisiasiele «1s viele 83.60 OSGHi cremate 0.04 0.04 
AD DLERLTLECS (VOUME) 4 eLOOTS me crercteyctsiersisicisicielsielereleinistereteremiarale 64.70 PT) Boceooscos 0.11 0.09 
Apple: trees) (VOUDE),) trUNKS  crscrercisls scleicieiavcleicsteielelsic« 51.70 Ml aneetaletetete eles 0.06 0.06 
Apple trees (young), whole plant, ..............---e0s (RIPERY | kaaepooecn 0.35 0.05 0.17 
ENDTICOUS VHOLLICT chai aerials /n,e/ejntatcleretei=te nia tetatote cterale’s ceveicieceyoterstere 32.44 neSiY leGgucosdanol danogodoos cdtdacoaps 
FANDPICOtSs ATESN. cise coos sisieieis cine clsierelneis nie oe siaetersicdesaieiorsicia.e 85.16 0.49 0.19 0.06 0.29 
FSAI ANIA SPE ECS IaH ae oiaie:s cle.sicioleteisieie,stssava.claloiniclsiefeleisisiaotnieieisiatate 66.25 bE BGhanashom aondacsgdS Sao Beaosan 
PSTACIDELTICS gistersiciefelere elcie’slesietelste eleleretave intese (se Sisieietefeists aisisieiaisic 88.91 0.58 0.15 0.09 0.20 
PS INTEDCLVL SS sclerectsicls crores atslavetesoloreleielarstetersteielsietolels evelais ctovalesvevele 82.69 0.16 0.14 0.05 0.05 
(lynch aabihe. -soqoondoadnnonaadunaneopadseonodosaasose oo 86.10 0.58 0.18 *0.06 *0.20 
Gherry trees (VOUNe) i) DLANCHES ec cicieelsrotoicisiers cteitiarnjrelete 79.50 QUITS) ictetetevateie stars 0.05 0.06 
Cherry streess (YOUNES) TOOLS), <ereci-jateisieve\e!el<is/etelelaiafaieieieicls 67.20- baa eomencaace 0.08 0.07 
Ghemny,atrees) CVOUNE) Strunk wicca ciereieicleeicis ie cielorerninl 53.20 QERTM otisarecrowrec 0.04 0.06 
(Qlavletsl, « Lscaicy PoagpodunecosdnaecoooundtocodcucUUuOranSOdas 16.52 4.18 1.19 0.43 2.33 
Cri Nae aE. Tbh Ghooaggonauacebanaascpoononoecasassode 89.59 OSA ST serene cteterste 0.03 0.09 
Granberries: VANES! aicslafsccteoystovere rere (oi sterere/sioloteselejsietarsrs joe sinieillatereierelmiels 6 245 |. satsenierers 0.27 0.32 
ASN VENA IVES wy yee cotateray ofarerownve cietsio'/ ojaiaievel (a iele’s, sieteysio: este’ clasts cereteieia/ernie 86.02 WEGRS | Beacpdcesc 0.11 0.27 
Grapesmetriite fresh We aise :0 etecciove eseisic/sictslelsl aictere/aisicieisisivtelevetste 83.00 0.50 0.16 0.09 0.27 
Grapes; fruit, idried and! Sround, fi cceee co vives scisive vei 34.83 il SL Gis | <accretotetareterayl etetetoisteroiersiod heisetatocetervers 
Grapes, WOO OfevITl Oya cs syeivelse cpeserovers cieis eters olarele orale ait e/a aietiete otras EDTA aeyae Petes 0.42 0.67 
HEGMIONS sweetest sisiertesieis = wieietere ocOe olevoreltrorateveralers RUDE BOeCACOND 83.83 0.56 0.15 0.06 0.27 
ING ChAT CS ag fo isvorsye ote vies. vinieeit oie Cislaieloievsvayeioveisraletaterorapetore eis avaretetete 79.00 0.50 WPA Wee cdacoon lsnososoSc5 
OD VCS Er Ue 8) ae cles of iatacalsloredarcieleis\erae oisleie oie veleleleraterareieiniccereisiets 58.00 1.42 0.18 0.12 0.86 
OV Ves es Vies BOR iscciaszyaretetetee te sotate sreie'alets,d1ale, civ e Wlere Sree rere 42.40 2.51 0.91 0.26 | 0.76 
Olives, wood of larger branches,§ ...........csc«se.es 14.50 0.94 | 0.88 0.11 | 0.18 
Olives, wood of small branches,§ .............. eiieleiele 18.75 0.96 | 0.89 | 0.12 | 0.20 
Oranges) Me MiLONI a) o orays a eisleveivicielniele cie\slstecsieisielelerelsisieeatsielete 85.21 0.43 0.19 | 0.05 0.21 
OPANE eS eM LOTIAAs) Gerasrets crevc cave oieseie cieisttisisielelerererele eveiiclevetien ae ya § Gaacececncl 0.12 0.08 0.48 
Peaches errultes sce ates veer ches ccc ores hohe | 87.85 0:82 | Mnorae 0.05 0.24 
Peaches. w0od (Of branches tc ccs cicero nice olsteieisieverere 58.26 | 12937) 0.90 0.22 0.50 
PEATE; EU h los sos -sisiowiewe os sss aide stiejotsaah is Semntonroaete oe 83.92 | 0.54} 0.09 | 0.03 0.08 
inearotreess (young), ranches» ...<sisselee ce cemeee ence. | 84.00 | ORIG eeeeiccoe 0.04 0.08 
Pearstrees) (young), TOOtS. acretsenceice ces ccce tetera cays 66.70 APA once ence 0.07 0.11 
Pear trees (young), trunks, ...........sseeceseeeeeees | 49.80 feria|cee cee 0.07 0.13 
IISA DIER. ako esac tse oo ee te eee ee | $9.28 Cie al eee tal Masa Sa eee 
SPATUINTIS Sas tettieiateisteliessie eile cletevorstnte evs Reiaralsarsiticforemyeyetete Mialoteverarcietets 47.43 0.54 0.18 0.02 0.24 
PAPUMES S aieerate steleiselelelois siiotersierele wialvrcle sieleisieisisrersieticte AooseoDe 77.38 0.49 0.16 0.07 0.31 
Raspberries, ..... Slsvefele ol siarelelolelasotateisrs ofoistelstepaieie a cl savorstavere ator 81.82 0.55 0.15 0.48 0.35 
LLAWDETIICS | FL te fy eet e ataronielalele eioloctors Jn bl niewversioclersteeeinte 90.84 0.60 0.15 0.11 0.30 
Strawberries. vines ork setecysis cscs cess eee chicweciteee se ealinen ck iccees EESt tl booooogode 0.48 0.35 
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TABLE 1—Continued. 
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5 Beualiae i 

8 be 3 3 

5 a cee a 8 

Ay 3 i S) 

i i Bi 1 S| 

o ® i ie 

2 1 oy} Bae pears 

n 5 no ae 

3 a Fa = 8 28 

a < A AY a 
iWihortleberni esis teaaasteaacectinchic cies ct once tosactecasets 82.42 0:41 1egsescuas Meese eee RAANED 
Chestnuts Cultivatede  s vasiscicecs.ccls sists vs'e0s cies siciseiesis« 40.00 LitB: | s ccleersmelentewcieutere nce) laterite 5 
Ghestnuts, native: 3.4 )s.ec6 cee BOOED TC HOCECODODD CHEE EEE 40.00 1.62 1.18 0.39 0.63 
GHESENUTS Ae SPandIsShis Ai ssiciereleie asics visicjeicie'«,ofeysiwisiele stole aleleiesee 10.00 | del lied Bencneerioc FoochadOne ihcic aetctoieae 
PELOSI US pe LULL sles tsceycicts ts ai afereaiotsteleicraisiele\sieiete cio) sisis’ecole) eheiel siatare 10.00 2.99 1.04 9.14 0.81 
REanUtseekennclames section: ins mips amen aaicads | 10.00 2.21 4.01 0.82 0.88 
Reames Vines after sDlOOMINES -.cricse cisco om selec sie ssie ci LOLOOF|F  22 362 pasissieee | 0.20 0.90 
Peanuts; vines before blooming, « 2.02.05 edeeescsccces 30.00 Ue 45M lareicie selatsiors 0.32 1.16 

| | 
WooD | 
INSH' WOO, coos sesiss amo cemele Selslolehetose ciate Mitieritaaainec os 10.00 | OLS lisence aan, enOe0te 0.149 
OHESEMU He Dar Ky Mac osis:c.sictoiclelocis.c-cicfeloercieis(elsislar.cic eislacieveicie sts 10.00 Ds DLs Wolere aterervatere 0.114 0.278 
ONES EMULE eeWOOG TN Weiceicicicleleielets slelsiolcisioleisisiers ePetsicicieleteis)s/elejelsists 10.00 OG acces soccie 0.011 0.929 
NOR WOO GER DAT erat siciers latere\ cetersis:c;s e'sis's elainiais ojoje/oisie\sioiels'e/s:eisie\e 10.00 LOU a ngigooan GA 0.140 0.341 
Dogwood, wood, ..... aie oielaisiahaietacsiaain es cietstals'slaiaisle clos sisteres 10.00 OVGSI4|\ sacle ais 0.057 | 0.190 
PENT CROT Ya DAT ae osc cre cictoictsietore clevsrs cistaltre sisiajerelarnieleisiolewatecle ore 10.00 S97. les starteeiee 0.061 0.141 
UTC OLY MW. OOC else oy mao ccc eaae neta seis iauae 10.00 QE48 7 eats a3 0.058 | 0.138 
MA ers Olt ete, DAL Ie m ieraiscycistejspateinisis ctl vistero viele sinvo viele sialerctoains 10.00 De OB sl. ccsieistecate 0.095 | 0.192 
VTS TIO Taine WOO Gi ararsraieja:nvsicho's ois steielolofeleleta,sisterefeleis Aah cichonrti 10.00 WERT TS bSdipreretdc 0.032 | 0.071 
Te Se NB air Kear srelorelorciava aera ovo aorsiave:ckete a¥eio ore oiece se oferatole is eveteveteTore 1.197 
ale Paves, SI UKe Gi Bo a iose a orale etala ta ators’ lei eseisieialere oie ete lotaiwre- tall wate ioteleteties beSoce 
OAK POST, me DAT Ky Mais cro cece crsiers atetecierslo aleve sialelstelare oStercists eine 0.249 
@AIGS DOSES WOO firiaje,cioraie\nlstolerefetecataras aioe cin oitieicistersie.crs.atetavars 0.169 
OaIC Rr OC Dar A ir oyasafare a cciaisiavavsrata sieves ole orsieveis(Biaive ofeieisleieicioe's 0.179 
OBS PTO ss WOO) were sive aierernie eelepaiors oye aleis oisicte acelelete miavaveieve,oss¥eie 0.140 
OARS Whiter (Darcy 5, ceicisieies ceicters = cielo: arwlo-crtieinis ereins re ietece 0.125 
OAS WEE WOO Uh ale, sis ticle oo siorealurce eres 6 ofa soe ales a ccotia oats 0.106 
ESI TTCMM ULI T eiplars a ioto!a)a\e'sisietere cine sie ielalereiarievelsieereisieseis aeaie Siaievatete,| elelsiorerscveisiell Ie OG” || kemictetele sierep tte creisiet teloedl  teleteleeietareee 
Pine, Georgia, bark, 0.024 
Pine, Georgia, wood, 0.050 
Pine, old field, bark, | 0.077 
Pine, old field, wood, | 0.008 
EAU O MES LTA Wy TTUEKE Cs wiaictd srarstalalajetecoisve avarercteletsvsieis's «/> aie simi eiaye: [tee sie atetarere eee 5 
ATOM Y CLLO We WOOC™ .aereieisraicte cisieineaieiels isieie/ciasisieigiens sicieioeere 0.045 
PETG LACE BEWOO GI eo cies, arele sis lavece elect’ toyeerstersieleiels Giels.elstora ce | 0.030 
SViCamMOre maw OO ta seem cet mre Men mee ee eames aes : 99 | | ; | 0.280 
ANIMAL PRODUCTS. | | 

PERELEC OTM rave -ttcrateivelsisinicisveisiorea ateicie siete raters aisielo aivia caoriewislelon wie ans 91) 0.15: | 0.12 | 0.040 | 0.040 
HSTLECS MAL an ( BH) Be sicte,sisicicesiciets cre eynineie aetelele nis ie'e sleleistern eters 90.12 0.72 0.64 | 0.220 | 0.210 
ONEESC aia ce sisteisisielers evorsie:se¥e Miata alatatstaeimis(alaceleieictersisiaieceterae teleate | 33.25 | 2.10 | 3:93) | 0.600 0.120 
Creare crave nse chle ce Seisedss clare cies wa asleee vane naa 74.05 | 0.50 0.40 0.150 | 0.130 
Hoe Somme taveyet- tol arstorers aieto(cieireiatereisieleiese olets ie ties lore ceria bictote cttelerete ten 67.20 | 6.18 2.18 0.370 0.150 
Megs) without ‘shell; ccccc.sco.csce ecco Wellies Saleisieeinie as 73.70 | 0.92 2.00 0.350 | 0.160 
Mat renderings «Cakes: (5) i. ccccccsesacecsessacenss sae 9.52 6.38 | 9.38 | 2.20 0.199 
Call fame tess Ntaeh eres Fe a Se EE eee ee | 66.20 3.80 2.50 | 1.380 0.240 
(CRS, haan cedaaaaan ance ren Ronee COMIC RE a nA CR OOS are: SOs 4.66 2.66 | 1.860 0.170 
SHEED iw cenee ccc mfolelotainietststammisteta Mote wietsteicre-tielsieie ats sfoiae aiststeraterecate 59.1 | 3.17 2.24 1.23 0.150 
SSIVULILG UE avatars ate a\oTs alvieisia, aie rete faleresoretaleipietere.siecaier move oioie ote eee Sisloneicion 52.00 | 2.16 2.00 0.880 0.180 
COWES NTL oe .i5sratate cys erslnns sareinta a teteiacoltleleie ares be oicisin Bistsiee eee 87.00 | 0.75 0.53 0.190 0.180 
(Siidhecl tretile See aannaGseDpaeane ninelevolslateteteleisis\erele/siaters'ejofe'slelaia 90.25 0.80 0.56 0.200 0.190 
Skim milk, centrifugal separation (7), ..........68. 9.60 0.74 0.49 0.210 0.200 
RVING Virtua sreyctatcteratciorerete arsicis (<releteinieic)scotoraicisleyaters cis! ete araieletslercietets s 92.97 0.60 0.150 0.140 0.180 
AVVO CLE WAST crs coreyesnis/avsce)s csteleiovs cseieleis cipinne ois ies areiejocs ere o%s 12.80 0.98 9.44 0.180 0.190 
SOOM, GUTR WASH ed a 67:)0\s ctere's cfara stars ols cioieteietaaiereio riers is‘e'slereice 15.00 7.08 5.40 0.070 5.620 


*Dietrich and Konig; Zusamensetzung und Vardaulichkeit der Futtermittel. 
*Dietrich and Konig. 
7Wolft, 
§Average of 50 analyses made by H. J. Patterson. 
t‘‘Grape food.’’ 
§L. Paparelli: Etude chiue sur l’oliver, Montpelier, 1888. 
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From the figures in Table 1 may be determined the amount of 
phosphoric acid disposed of in the products sold off the farm. 

The quantities of phosphoric acid contained in the usual unit 
of measure of the more common products, together with the valua- 
tion of the same upon the basis of the commercial value of fertilizers 


is given in the following table: 


TABLE 2. 
Quantity and Value of the Phosphoric Acid Contained in the more Common 


Farm Products. 


.(Calculated on the Basis of the Ordinary Unit of Measure.) 


= 
| ul 
| = EB: 
2 3 
| a § 
| a ec! 
Kind and Quantity of Product. ¥ f4¢ 
a a E59 
| 2 wn 5 a 
2 | Bb i) 5 » 
8 | = | EL: 
2 | ay ® 236 
5 | Chis 5 ecg ‘ 
Ee} Sai Al ER 'a 
a cS > < 
- | { } 
GRAINS AND SEEDS. | 
Di HOUSHELNDATICY., S89 DSsiuiciec cieretavesicisiosoisieieleloielevelololelelsiolele/eisielaiels | 0.38 m9, | 52.6 bushels. 
2.|1 bushel buckwheat, 48 IDS., ......cecceeeseeeeseceeeeeeees 0.21 | 1.0 100.0 bushels. 
3 | 1 bushel clover seed, 60 ibe, souaodooobnabosondeasodpoUaHda 0.87 | 4.3 | 23.3 bushels. 
4/1 bushel corn, 56 IDS., ..........cscceececccccccsececcnccece |. 0.39 | 1.9 | 52.6 bushels. 
Bi UShely Oats weS2 OSs | lavccracieicielelcinisleleleiallerereleoleleleietelaeforeleloinislere 0.26 | Leo. | 77.0 bushels. 
Gu MIS ushelsarvies 256 P1DSs i terete sioie,sleleicie\eieia(=\e(oivisierelelels}sisleinisivieleleisivieve 0.46 2.3 43.5 bushels. 
Wa bushel stimothy seed 145) UDSie) -cialssteie cieieteloisieialem ieleeieie.sicia 0.53 2.6 38.5 bushels. 
Salelebushel Gwheat, G0) VOSs yc crereteistecicteleisielelai<i- se sielo'ie(wlerelstovelo i= oiece 0.53 2.6 38.5 bushels. 
HAY AND STRAW. 
SBS CON CLOVE Ways retcciere slore eicicie’slo.cie ateisielcietcleiviclefelele'cleiziciniois/eieletsisic 3.8 19.0 5.3 tons. 
AON PeCOM ELMO EH YA Yis ga e'ciclolo s:ole\sraleteteieloleielotafele\eletetm afore iaicialeleiela(icleiwis'e 5.3 26.5 3.8 tons. 
et PM COMM TV -Onis UT aa Urata rcleteterateretere oicievetntetersietstorelevelctarcialeleieiciersinresicvelniniciere 2.8 14.0 7.1 tons. 
2) PU CON wHeat SLEW) laleterercieiais ciclorateioieicve siete cielere)eleraleisieveiaisicielereieletere ney 6.0 16.7 tons. 
VEGETABLES AND FRUITS (60 Ibs. each). 
NSM MBHUSNE MAD DER recicetoleis cieietelct teleleloie ate laleielete ete evslateistercefeleteictorciessinte 02006: | sisteieie ctaterscs 3,333.0 bushels. 
AD DUSNEl MCAD DAL Os ic cicter ie lcielinisierclere exclelelossisivisieteis/ctereielsteleleieieisiela ats 02066 |.3. cee. 303.0 bushels. 
DbuPiebushelesrapes, » cise aisie siciteisio.ce.s Jase scssie sins stoeeistosictan sie Ol060 | seme serene 400.0 bushels. 
Go iembUuSh ele NEACK ER ep. cicictcisinicie(a ctelaisvelaitis slate ieieteleratereYovete/creletaleraleievero'e\s QEOSON cerreieteveleters 667.0 bushels. 
Die LM DUSHEMPCATSE .rererciziercie love! clolerctelatereta sreicisterciete ere: stsvciaieteielelereistaterietere OL OLG i arceieerercte 1,333.0 bushels. 
AS Tied OMISHE) MNOLALOCR NS .ocicicicin cicleven ciowie'sis ciale) dularc x cierareiniaic cisletratote stele | 0.042 * 476 bushels. 
IO ELE DUShelms tra wD CELISS, maces tess ioicleisvaislote(sloleleraralotelelalciciessteyetefetersVare (UX eccoodoroo 303 +=bushels. 
PAD PGE Yoh h (chaste Ninoy Sapp onpdnnnaont doodnabooccspDcopAcoconooc OL03Z0 Ube ciccieite, stele 667 bushels. 
OT teabushelly turnips. sswaescanGecdencnen celece Moa casa otas Pes O2060s| ence sece <2 333 bushels. 
ANIMAL PRODUCTS. | 
OM tetub butter; “100 IBS... <4. s.snes veceus nieactbeeeomoceteees 0.04 | 0.002 500 tubs. 
osritincanicreamat 10 eals:, S0ulbse.... cect ecesenes cn eron eet | 0.12 | ~~ 0.006 167 cans. 
2A Teeant milk 10) gale, (88 IDSs <verjeeisoe since seeesieessiceiyacensie| ie Oni» 10-008 125 cans. 
25a) incrate ot eggs) 12) doz.) IS IDSs Kiaeie siepecjs(cleisieielelelsinnisieierelelele 0.07 | 0.004 288 crates. 
26 ei bale: wool *100 ulbSte cectonccawssacwiste toes aaemesmecaae oes | 0.07 | 0.004 | 286 bales. 
SAAN: Steer; cose acee ee eat te Sapa ce en eee We SEG | 0.980 PRS nr Nene tat are 
ERIS COOMIDS OL SHEED Wee oncere seeasactiesesoescceer sec tetetes | ERB I GEG | Ecancogonsancgnassce Sc 
SIEIEOO) tbaiot homes 633, tasted colina eee. See ee | 8.8 | O70" (5225 here ae 


*At the rate of 5 cents per pound. 
+Cream testing 20 to 25 per cent. fat. 
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In order to present an idea of the amount of exhaustion of phos- - 
phoric acid by crop in a little different way from the above, calcula- 
tions have been made of the quantity removed from one acre by a 
fair yield of some of the commoner products. These figures are 
presented in Table 3. 


TABLE 3. 


Approximate Quantity of Phosphoric Acid in the Product of One Acre of Sun- 
dry Farm Crops. 


a > 
A! 52H 
83) oa | 
: E hey 
n 
2 ce Dole 
4 & BH 
J a She 
Estimated Crop. a = sO 
E g oP a 
. ° 4 io n 
— °o (s) 
be uu a 
| ° Pp = Pe 
2, o.- Ble 
3 Sie seer aes 
fee eal 
Orme sbO DUS hel steus stor raretsicw caceisvecie s ercicrstela erele ais alos etespajacatenyetels(isiataialuiseisiele'es 16.0 | 80 115 
OBL rs MOUS Ol Ss wy npoycteya cis erotecoinielereeiarerelsiais vistt ortivielaloletajiaierats wielaioiaielsle Gysicisiele 10.4 52 74 
AVVDe ate chM DUSN EIS rac crlecercnicmitec ceca oerelasl cb ininaens wae tauren 12.0 60 86 
POtatOessealbOr DUSNE] Sie serpent yccatoeiers secarealasetl e selecieionicicineelelssinselac.s.ci| 14.4 | 72 103 
PROMIALOCS! Gel OMCOUS! ate Nala rateisiclsis(olnrereereio nits teleiere Giolelelociviacatovetele e(eleteleleisisiavere, cit o(e | 4.2 21 80 
CIO Vere ave m2. COMB: 2 sstoicoeveisia co iainie cle Ce areraiertieisie.s aide lermeleYele aieieicleisieleisieveln ste 22.4 112 160 
SIMA OLINY pe Vee ot CONS! etree fers isicleror exc ole aes orate inrere siessieic rare oratea(eierale Gtels eel iateraie 27.6 138 197 
IWiheatcstraw: P1IZOtOnsiedccctics ofectioe/s.e ns erste we oteisivcleletisisien’ sipeieisieelererse | 5.5 28 40 
GreonwroddersCorn ssl 5. tONS ars sem eets ose elastics atefeie aisiecie caine s ettie oe olctars Siaisle 30.0 150 214 


*Calculated on the basis of 14 per cent. available phosphoric acid. 


The figures given in Table 3 are not intended to show the amount 
of phosphoric acid needed for the growth of the whole plant or 
crop, but simply what would be removed in the parts which are 
generally sold. 

The quantities of phosphoric acid which are removed by one bushel 
of product or even by a crop from one acre as exhibited by the figures 
in the preceding table, in most cases seem to be very small and, 
indeed, almost insignificant, yet, when the fact is considered that 
most of the lands have been under cultivation for a considerable 
length of time, it will be seen that even these small amounts repre- 
Sent considerable when multiplied by 10, 20, 50 and even 100 or 
more crops. The figures which have been given in Tables 1, 2 and 
3 will serve the purpose for each person to gain some idea of 
what is taking place in individual cases, but give little conception 
of the vastness of what is taking place in the State as a whole. 

The annual drain of phosphoric acid from the farms of Pennsy]- 
vania, by the principal crops, is shown by the figures in Table 4. 
Though large as these figures seem, yet they represent but a part 
of what is taking place. The amount removed by over one million 
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dollars’ worth of truck crops and small fruits annually sold from 
Pennsylvania farms is not accounted for in the table. Again, the 
live stock, poultry and eggs annually sold carry considerable phos- 
phoric acid with them. 

The total amount removed by the crops, as exhibited in Table 4, 
of 102,538,740 pounds would require, if it were to be replaced, over 
566 thousand tons of standard (14 per cent.) dissolved phosphate rock. 
This would mean an expenditure of over three and one-half millions 
of dollars annually for this one plant food alone. 


TABLE 4. 


The Approximate Quantity of Phosphoric Acid Annually Removed from Penn- 
sylvania Farms by the Principal Crops. 


(Compiled from Yields of the Twelfth Census, 1900.) 


| 


ro 2 
o & 
e Z 
é g 
a ° 
= a 
Ke] a 
o 
Crops. a ae 
‘S) ° 
1 : & 
je u fs| n 
o oO 7 yoo) 
a rs] wn Fi) 
= 5 © 53.0 
i ° cal os 
a fy a at 
DAT OV pi cictoicieeleleloleicieieveleicisrerciele'elers araie visietaleietavele:sicle(atejeisre 197,178 | 9,464,524 0.79 74, 768 
ATIC VASULA Win csistere ielelele ciale'clelceictalelelaisicivinlove’s etefereichelelel | seielelarsiarntoielsietalelels 15,389, 690 0.30 46,169 
IB} Waveho | ohoscnodanddsuroaSmon oe csosanmdosoodd 3, 922, 980 | 188, 295, 240 0.44 828,499 
Buckwheat Straw, ......0..ssceccscccscecsecesoes lucceccscceccseee| 320, 101, 908 0.61 1,952, 621 
(Cloyaal, fehl. gooponboesougonodddcubuoboooGacopsuDdo 51, 869, 780 2,904, 707, 680 0.70 20,332, 953 
(Cerna date bole ho oogoonsa goBepoCH SOD Aa be poaSEcoobeDal saonodcoodcabadd 5, 809, 415, 360 0.29 16, 847, 304 
(GREE. <sonogacnes soap nodoconoosanas badodenuanoDadnsds 37, 242,810 968,313,060 | 0.82 7,940, 367 
OEMS Er aa rate sers)clsicisialeleselelorein ois vrar~etelsteists]oieiclovclsiayereisiete laboooocedcoaeson| 1,646, 182, 202 0.20 3, 292, 264 
UVC Mimmeye foleleateisicle(eistaisic(ainieloe en eistecinele(<velieieiciaieisistersieaisietels | 3, 944, 750 220,906,000 | 0.82 1,811, 429 
EUV CaU SEN Witte Saveleisisie,ole cloimjare oiela stele/oie erereieictelerew svelerebelereiPaleleletesctelsielcieieisialete 375,540, 200 0.20 751, 080 
\WACGERE ~Gsacopdooadoo gonoooDoNesodoovocuDSeanocnondE 20,632,650 | 1, 237, 960, 800 0.89 11, 004, 851 
SV VGC ESET UWA: mrersteveletnleleistateleie’cletalatale eicle lalate inisie(alelefals sterol | -ievsiclereisicletete siefeierell 2,104,538, 360 0.12 2,625,440 
IEOUENKDs “oprogpobeccadddavondbo nee Does peosnacocone 21,769,472 1, 219,090, 432 | 0.07 853, 363 
DWECEMDOLATORS | cireic cic afetsieln sictei= oicisfe)=inisie(oiclolsieislale «(01s 234,724 | 13, 144, 544 | 0.08 | 10,515 
ONTT TOMAS ai are atcialn rein siajetate:efaialafoteistetsYe ain tere ereleiatereieteistelelaieistate 347, 806 19, 477, 136 0.04 7, 790 
RODE CCOL IDS Nay wercncioisletisinicieiae csicnartierseisinsls vicisteisiere 41,502,620 | 41,502,620 | 0.55 | 228, 264 
PRE ATIS AMES TS teers ae ca Sener nee aaa 23, 957 1,341,592 | 0.95 12, 745 
HP OAS ile cicteleloicioloveleiniciefeiciaisninicicvo eis fare seletars cicieisicve vicieleteinials 6,363 356,328 0.84 2,993 
Hayrand forage (CONS); 260. ceiciwiieescieecveecleisie 3,766,834 | 7,533,668, 000 | 0.45 | 33,901, 506 
Moka Erck coat cece AAS csicbene ceeteaiecls cs aol] ao eee oe eect) ese mae ace Wane chens 102, 424,922 


Before proceeding further, it will probably be well to devote a 
little space to the general consideration of the subject of phosphoric 
manures, the forms in which phosphoric acids exist, and various 
sources and methods of manufacture of the same. 

Phosphoric Acid and Phosphates:—Phosphorus compounds are 
absolutely necessary for the maturity of plants and the forma- 


tion of seeds for their reproduction. 


Tt has been well established 
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that the salts of phosphoric acid, or phosphates, as they are called, 
are the only sources from which phosphorus of plants can be de- 
rived. Phosphoric acid is a combination of the element Phosphorus 
(P) with Oxygen gas (O). In phosphates, the phosphorus and 
oxygen unite in the proportion of two parts of the former to five 
of the latter, forming what is commonly designated as phosphoric 
acid, and this union is expressed by the sign or symbol P, O;. Phos- 
phorus, when uncombined with other elements, is a yellowish, 

waxy looking, solid substance. It is soft and can be cut as easily 
as ordinary bees-wax. It is very poisonous. It ignites easily, and, 
therefore, has to be kept under water. When phosphorus burns, 
it simply unites with the oxygen of the air, forming phosphoric acid 
(R270): 

Phosphoric acid usuaHy occurs in the soil in combination with 
lime, magnesia, alumina and iron. These phosphates are all prac- 
tically insoluble in water; that is, they are dissolved by pure water 
so slowly and to so slight an extent that they sustain no appreciable 
loss in the soil by drainage water. Hence, the quantity in the soil 
is diminished almost wholly through the agency of crops. The 
amount of phosphoric acid, even in a fertile soil, is comparatively 
small. <A ton of good soil will contain about three pounds; many 
will contain less, and some considerably more. On this basis an 
acre of average soil would contain to the depth of 9 inches, about 
4,500 pounds of phosphoric acid. 

The character of the soil affects very considerably, the available 
condition of the plant food. One of the problems that confronts the 
farmer is to use such methods in soil management as will convert the 
plant foods which the soil contains into forms available for crops. 


FORMS OF PHOSPHORIC ACID. 


As has already been stated, phosphoric acid exists in soils in com 
bination with lime, magnesia, alumina and iron, and it is in these 
same combinations in which it is found in the various sources, from 
which phosphates are manufactured. For the manufacture of fer- 
tilizer and in agriculture, the phosphate of lime is most highly prized 
and preferred. 

IRON AND ALUMNIA PHOSPHATES. 


This represents a large class of natural phosphates. They are in- 
soluble in water, the same as the natural lime phosphate. They con- 
tain almost the same percentage of phosphoric. acid as lime phos- 
phates. They are not well adapted for the manufacture of soluble 
phosphates as the treatment with acid produces a sticky mass which 
is hard to dry and keep in a good condition. 

52—6—1902 
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FORMS OF PHOSPHATE OF LIME. 


In manufacturing fertilizer from phosphate of lime the aim has 
been to change it from the insoluble condition to a soluble condition, 
which would be more available to plants. In the natural and insolu- 
ble state, the phosphate exists in what is chemically known as ¢r7- 
calcium phosphate (three-lime phosphate), and in the course of manu- 
facture this is changed chemically so that, at the end of the opera- 
tion there exists four kinds or combinations of calcium (lime) and 
phosphoric acid, which are as follows: 

(1.) Soluble phosphate of lime, or mono-calcium phosphate. 
(2.) Reverted phosphate of lime, or di-calcium phosphate. 
(3.) Insoluble phosphate of lime, or tri-calcium phosphate. 
(4.) Tetra-calcium phosphate, or four-lime phosphate. 


(1) SOLUBLE PHOSPHATE OF LIME. 

This is popularly known under several other names as “Super-phos- 
phate,” “Super-phosphate of lime,” “Acid phosphate,” “Acid phos- 
phate of lime,’ “Water-soluble phosphate,’ “Acid calcium phos- 
phate,” ‘“Mono-calcium phosphate,” and ‘“One-lime phosphate.” 
Phosphoric acid does not occur naturally in the soluble state. 

Soluble phosphoric acid is made by treating bones or mineral phos- 
phates with sulphuric acid (oil of vitriol.) The chemical change 
which occurs is practically as follows: Sulphuric acid and water 
being applied to the materials containing insoluble phosphates (tri- 
calcium phosphate), the sulphuric acid combines chemically with 
two parts of lime and forms sulphate of lime or gypsum (land 
plaster), while the water unites with the phosphoric acid and one 
part of lime, forming mono-calcium or soluble phosphate of lime. 
The substances being mixed, it is a natural chemical action or re- 
action that takes place with the result stated. The total conversion 
of the insoluble to the soluble form, cannot be accomplished without 
using such an excess of sulphuric acid as would be injurious to seeds 
and roots of plants which would come in contact with the fertilizer, 
and also would make the fertilizer of such'a mechanical condition 
as to be difficult to handle and apply. In practice, less acid is added 
than is necessary to wholly convert all the phosphoric acid to the 
‘ soluble form, consequently more or less of all the forms of phos- 
phoric acid are found to be present after the fertilizing materials 
have been treated or dissolved. Leibig, in 1840, was the first person 
to suggest the treatment of bones and mineral phosphates with sul- 
phuric acid, for the purpose of rendering the phosphoric acid more 
available for plants. This may be said to be the beginning of the 
use of genuine artificial fertilizers. In the course of dissolving 
phosphates some of the phosphoric acid is set entirely free and 
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will be found as free phosphoric acid in freshly made goods, but 
this will remain so for only a comparatively short time. It will, in 
time, act on the insoluble phosphates contained in the fertilizer. 

The water-soluble phosphoric acid is readily distributed in the 
soil, and is in a form that can be immediately absorbed by the roots 
and used by the plants as food, but, unfortunately, the water- 
soluble phosphoric acid will not remain long in the soil in this 
condition, for, coming in contact with the lime, magnesia, etc., in 
the soil, it reverts to a condition insoluble in water. In reverting, 
this water-soluble phosphoric acid is precipitated in such a way as 
to form a fine powder or coat over the particles of soil, and is thus 
in a finely divided state and presents a considerable surface which 
makes it easily dissolved by the acid soil waters, and the acid exuda- 
tions of rootlets and thus still possesses a greater availability than 
any other form of phosphoric acid. 


(2) REVERTED PHOSPHATE OF LIME. 


Reverted phosphate of lime, also spoken of as “Reverted phos- 
phoric acid,” ‘Reverted calcium phosphate,” “Precipitated phos- 
phate of lime,” “Citrate soluble phosphate,” “Neutral phosphate of 
lime,” and “Di-calcium phosphate,” is quite insoluble in pure water, 
but is easily dissolved in water containing carbonic acid or salts 
of ammonia and in weak acids. The term reverted was originally 
intended to imply that this phosphoric acid had once been soluble, 
but for some cause had “gone back” to a form insoluble in water. 
This probably does take place to a limited extent, but as a matter 
of fact, in the course of manufacture, there is not sufficient acid 
used to make all the phosphoric acid soluble, and some of the tri- 
calcium phosphate loses only one part of lime, and thus leaves di- 
calcium phosphate remaining. As has been stated, some phos- 
phoric acid is set entirely free, which will unite with insoluble 
phosphoric acid, and bring some of it to the so-called reverted form, 
This form of phosphoric acid is readily assimilated by plants, be- 
cause the soil and solutions from the plant roots usually contain 
acids strong enough to dissolve it. Reverted phosphoric acid is, 
therefore, considered nearly as valuable as a plant food as the water- 
soluble form. Reverted phosphoric acid is often met with in small 
quantities in nature in connection with some insoluble phosphates, 
guanos, limes and other organic matter. 


AVAILABLE PHOSPHORIC ACID. 


In the commercial world and in stating the results of an analysis, 
the percentage of soluble phosphoric acid and the reverted or citrate 
soluble phosphoric acid are added together and the sum called avadl- 
able phosphoric acid. 
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(3) INSOLUBLE PHOSPHORIC ACID. 


This is known under several names, as “Insoluble calcium phos- 
phate,” “Tri-calcium phosphate,” “Bone phosphate of lime” and ‘‘Nor- 
mal calcium phosphate.” This form is called insoluble, because it 
does not dissolve in water or weak acids, as does the soluble or re- 
verted phosphoric acid, but requires some strong acid to cause its 
decomposition or solution. 

Insoluble phosphoric acid is found in nature in large quantities, 
some of the chief sources of which will be noticed later. 

Insoluble phosphates are found everywhere in the soil and most 
of them are of but little value to the farmer, because they are not 
easily dissolved and can, therefore, be utilized but slowly by plants. 


(4) TETRA-CALCIUM PHOSPHATES. 


Tetra-calcium phosphate, or four-lime phosphate, is a form of 
phosphoric acid of recent discovery, and has been found to exist in 
slag phosphates. It contains more lime in proportion to phos- 
phoric acid than any other form of phosphate. While it is insoluble 
in water, it has been found to be more available to plants than in- 
soluble phosphate of lime (tri-calcium phosphate). 

The following table gives the chemical composition and differences 
of the four phosphates of lime: 


TABLE 5. 


Chemical Composition of the Four Phosphates of Lime. 


Calcium—Per cent 
Phosphorus—Per cent. 
Oxygen—Per cent. 
Hydrogen—Per cent. 


SOLMblemphosphate of WIMEs) sens /icieseciceceiicte cle cic cei aly foal | 26.5 64.7 
peveverted Phosphate yor WMes Kieteicrsieletareicleisleiciciciefelelsletete <isie 29.4 22.8 47.0 
einsoluble™phosphate Of WH mMe er isicecicicc.clelsicieleleisicicivieieioics 38.7 | 20.0 41.3 


17.0 | 39.3 | ie gas. eas 


mwne 


mhetra-Calclum sPNOSPHate ne micreiesielerelsisisieleleicisialerelsislsleteleletere 43.7 
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Or, taking it another way: 
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PES OlUDIERPHOSP Hate fe Lim Cow wiae er arclelaoresseleiaisheicivis (oles wateisieisis sere sissies siele | 60.68 23.93 15.39 
DHRC VELLEGDNOSPHALe, Ole LiTMe steric cs':o eletctereieleiore aiala/ctere rove, cle je )s\ei0}s.ocele\ejo/ 52.20 41.18 6.62 
BS eINSsoOlUhle MHOspNate Ol VIMe|S peje isis ere cisleacis eine a 0 tivle.o stele ivieie oyeiajsie’s.eivisisin 45.81 54.19 [iste eeeeees 
ASE LOL a -CalCluiie PHOSPHO te steieres=jsia/aiels 10 ais oleit.e oielels shorn ol v\e,@ieinys eseiele s/alejsiere 38.79 61.21 [pte e teen eens 


TOTAL PHOSPHORIC ACID. 


The total phosphoric acid is the sum of all the forms of phosphoric 
acid which a given fertilizer contains. In ordering dissolved rock, 
for instance, the total is equal to the soluble, reverted and insoluble 
phosphoric acid contained therein. 


METHOD OF MANUFACTURING SOLUBLE PHOSPHATES. 


The process of manufacturing soluble phosphates from bones or 
mineral phosphates is not very complicated, yet requires some chem- 
ical knowledge and experience, and facilities for carrying on the 
operation. The raw phosphates, whether of animal or mineral 
origin, are quite variable in their physical condition and chemical 
composition, yet the phosphoric acid will be found to be combined 
with lime, in the proportion of one part of the former to three of the 
latter, forming the tri-calcium phosphate. 

The chief result which the manufacturer desires to arrive at is to 
make the tri-calcium phosphate soluble in water or in neutral am- 
monium citrate. To do this the chemist has worked upon the follow- 
ing basis: Sulphuric acid is known to be more energetic in its ac- 
ticn at ordinary temperature than any other acid used in industry. 
It, therefore, has the power of displacing all other acids from their 
salts and of taking their bases to itself to form sulphates, which, 
for the most part, are quite staple and easily handled substances. 
The acids which are chiefly present in naturai phosphates are phos- 
phoric, carbonic, fluoric and silicic. These, when brought in contact 
with dilute sulphuric acid, are all displaced, and the bases become 
sulphates. Chemists have determined how much sulphuric acid 
is required to displace each of the various acids present, and to 
form sulphates with the bases with which they are combined, so 
that, after the composition of a natural mineral phosphate has been 
determined, the amount of sulphuric acid of a given strength which 
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it is necessary to use in order to bring the desired change of a tri 
calcium phosphate to the soluble and reverted forms, can be easily 
calculated. These amounts have been worked out for practire as 
expressed in the following table: 


TABLE 6.* 


One Part by Weight of Each Substance Below Requires, 
Sulphuric Acid by Same Unite of Weight. 


| | 
| | 
se] 
isa) faa] faa] oe | Q 
° ° | 
ove a le ia Bie Ss | 8 
» » ~ = ~ 
< < < << | < 
{ 
cPri-caleitim~esphosphates) pcre -eecees as te aoe ate oyetoieialeieersiote 1.590 | 1.517 1.446 TEER? | 1.352 
TNOUMDHOSDNATE. “Sra cjasislsyela sles cists eininis wle/e « ele.nicieielvie ein ewinisieiel| 1.630 | 1.558 1.485 1.420 | 1.390 
PAIUMInNUuIM PHOSPHALE, ce orien = se sews oe cys cinlele ereleleleieieleleieisles * 2.025 | 1.980 | 1.889 1.756 | 1.721 
Galeiunicanbonatesmeesecceieer sere <eisecle sie. eo ele sletcierercistae 1.640 1.565 1.495 | 1.428 | 1.411 
CATCTUIMEUOLIGEs | firs wrclesicteietetsisle 2.0 -1e/sielatoloisisiete’ ojsisieieie(eisie eis 2.060 2.010 1.916 | 1.830 | 1.794 
MESHES ben eed EGY “Gree sesecuaocndapooebansogecnoc 1.940 1.860 U715. 1.690 1.660 


*H. W. Wiley’s ‘‘Principles and Practice of Agricultural Analysis,’’ Vol. II, pp. 155. 


Example.—Suppose, for example, a phosphate of the following 
composition, is to be treated with sulphuric acid, viz: 


Per cent. 
IMOISCUTE ANC TOLL ATIIC Fy aoseicle.c.cis aloia\s,cis/elsiele) viele alain vie/sleie wiela\sts/e/s]ais(elese/e,0\eleieielelejelele)efelelsjeielete.siisietelefe 4.00 
WaAleiUMEDNOSDHALC smeyeewccewe Haleleeisel see race ere sree ahaa eisvelerecstolace leteislelclalsialetaleicie er=foiieleie’eiaterel-y=rats 55.00 
Gan CMMI GAT DOMAL es ayer lelacscle late elerercleiske ie oiele acctatovelatetatale: slate loleteletscelereletetateisisvole stalersl teteislaiclsletelstePioiaiciotelose 3.00 
Iron and aluminum phosphate, nearly all A., ..........ccccsecscccrecncrsrccctacsccsscoce | 6.50 
WV eT GS LUT CAT DOM ALC Hi tele eteleisiaiclelofe/ayeolsislelscelerste’atorere'e;qiareteis ole’al oleraterateieisiove esis elovets! steve vetere(ralafepsrete(eleininte | 0.75 
Giurciivca ili, CosoodopedaudenonondcooEabecUnbSoeneaconLAcUnaconbonooanocddoccongecpasucdac | 2.25 
IDRIS Pboapccnnaene TocebnoCCncBOcaeHAcoruBadcteosEs ccodeoobDNCoombhoosupoepntocedsabeeccaonace | 28.00 


Using sulphuric acid of 50° B., the following quantities will be re- 
quired for 100 kilograms: 


' 
£ 
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x 
Gaiciume phosphate: Tb y five: TOS 2 ec oc.-' wicisiam vin sine 0 binin\o sieieinlotu albjeloteiwie|s alw'u:cialeiuiv\uiel=\q s'n\uiaisinvels $3.44 
Calcium) ‘carbonate, three ‘and: a half KWOss oo. iaa: cere cic'eicte vvvieivin'sie'sisie'o w's'e a.» sjejeivin « /e/siv'e)la 5.48 
Calcium fluoride ,two and a quarter KilOS, ......2000..cccccwcceercccencccesucceccccsoers 4.52 
Aluminum and iron phosphate, six and a half kilosS, ............-ssececcsescceecsecees| 12.55 
Magnesium carbonate, three-quarters Of @ Kil0, .........cccccceccvenesancccssceccsccens 1.40 
FTC ANS Bree cco a ateeteto de cilaleteravaratole oie te fe eretalal ctelcpelere ernisoBsleeieiele nile ateleteialelate (avelefatetsteyeleleleletesel-tee ters ias 107.39 


*One kilo—about 2.2 lbs. 
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The material, before treatment, is always finely ground so as to 
facilitate the chemical action. After the treatment has been com- 
pleted the mass is dried and ground for use. 

The materials which are chiefly used as sources of phosphoric acid 
in fertilizers are given in the following table, together with their 
average composition : 


TABLE 7. 


Giving the Approximate Amount of Phosphoric Acid in Fertilizing Materials. 


Phosphoric acid (P20;). Lbs. in one ton. 
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; = 9 P re g $ : a ° 

Materials Containing Phosphoric Acid. co) oI S =e 
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IRE CGH: oS Aes ee Ree nc hone eaeons cones BR Aes Seal bere sAneml ben ater | BEM Ie Secearse 760 
One ASI mere coon ae meee aie eee fiommud sts (ee tere Reezoacas! [P  35705 he ceeee ae 718 
ROTC LACK meseselajeverctorsysistefele!asleiaiava's\s.cretiaisin/eicinin we Boripaceene leselate:diojeveuare Leerararetetetencte | 2ER a iliateteeteeteloree 667 
Bone black (dissolved),.. ....c0c0.ccesncercee 16.0 | 0.7 | 0.3 | 17.0 334 340 
SOTO TIC AD oe apes cfars olotelsiareiaietstaralelejatels7 aywigtoterlein\e)e\sk« 0.4 | 6.5 | 15.6 | 22.5 188 450) 
Bonesmesal (fromeelue LaCctOry.), sccisiee crsteusse ote, sve ejere.c/oieis'e | 6.5 22.4 | 28.9 130 | 578 
Bone: meal (dissolved); csncsecceccccescciscee 10.0 5.0 2.0 17.5 300 350 
Garr bear GUAT ON eacreeeh oie cieleie 0) =\clove’s sie ielore,sjele’e'=:l eros ere siete’ e/eiei| <rrie\e/e/eistaisialliayare «:elelere?els TS) Oc crcreertnevors 378 
GMP ANS UAW Feiwetcls ohsic eisieieressieioioisje,0/2/si0, sie (6 91 s1e]o\| slereye(erelatsieis,[eie:s\she;scein)s'el|eisinve'sia)e)=\=@ WUD | Soe eretsteere 3 358 
WOUDIE® SUDCr=DHOSDOATCs — co,0;<\01s.0rs cts1o/e,0fosein(acave| s\elalace,o1s]¢ clels| ersietsielejelevere | 4.0 44.0 800 88u 
InN aye te Fh.t doy) Sami wan codednc coe doecCdspnnyocopnl bn omopodel papcEenoGd Wa alatatererals face SOOM eriecise cise 600 
Eri SOLE. DHOSDIACES ic evs. o/cyciaisisiaisis:ojers:s/elecaier} s)tialerss-\atetete (| erstejela'ai='siiall s;~jete\e\e slale’e D4 OaNeeiecercetece 480 
Keystone concentrated phosphate, ........ 0.3 | 38.2 | 9.2 47.7 770 950 
Mona Island phosphate, .............. salcrevayzi sla cutaioreters 7.5 | 14.3 21.8 150 436 
INAVaASSAe DHOSDN ALC H Macle olalels aiclareinietsrelafelsie\wysrere aja: | Saisie acoreie |srcleletsieie,¢ia10i] tie)sinrmvievclove SS lavas 686 
OTC HMI Tey MeeUL ATO are tcl arereicteley ate os) leralete rasa foto) Sia 0's ll oyarayas s\oreqeta, | oral giejeleiole\el| clese/sjeveletei sie ZORS) lerecrete cieielere 536 
PETTY A rE ALAT. Opt oP assicyersnteraialetois niaia/aieasaisyaiseveleie: ale 4.6 3.8 | 4.9) 13.3 168 | 266 
Souths Carolina, rock «(ErOunG ij rice mere ccs |neverersievevele 0.3 Diet 28.0 6 560 
Seth Carolina LOCK ACHORES) casei steiate ere latore ersasarerate's aie | 0.5 rae | 28.0 10 | 569 
Scuth Carolina rock (dissolved), ....-...... 10.5 | 3.5 2.0 | 16.0 280 320 
Slam’ phosphate: CAMerican), 2... iscsi rccews eae ere eel leit eaves Mapadedand | PAIN ary octu on 420 
Slase phosphate (German) iecesceceieciescsaciewile sercisiere ss |ctsversteieicreisis Vefeteiersterssetana 30: Onl leeteciontelerss 600 
Tennessee sphosphate OCK) wecewas steeds nice vice es. ladopateay [Sea aie SHON ke eae 700 


SOURCES OF SUPPLY OF PHOSPHORIC ACID. 

A study of the figures given in the preceding tables, particularly 
those of Table 4, leave but little doubt but that there must come a 
time with ail soils, under normal! conditions of cropping, when their 
natural contents of phosphoric acid will be much reduced, if not 
exhausted. This has been the experience of farmers the world over. 
Happily, nature made ample provisions for supplying all require- 
ments for this valuable and essential plant food. 

The first material used for furnishing phosphoric acid was bone, 
and the chief reliance was placed in this source for many years and 
even now it is very popular and furnishes a considerable percentage 
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of the amount used. But very soon it was determined that phos- 
phoric acid was the chiefly valuable ingredient in bone and that 
phosphates were so essential for plant growth and development, it 
was pointed out by Professor Henslow, in 1845, in a lecture before 
the British Association, describing the Suffolk Coprolites, that these 
deposits of mineral phosphates could be of immense value for 
application in agriculture. 

Even at this time large workable deposits of mineral phosphates 
were known to exist, they having been almost simultaneously dis- 
covered in several countries, notably those discovered by Buckland, 
in England, Berthier in France and Holmes in America (Ashley 
River, S. C., 1837), and since that time numerous other large deposits 
have been discovered in almost every part of the world, but those 
which are of special interest in the United States are those deposits 
of Florida, Tennessee and Virginia. 

The mode of occurrence of the best-known deposits of phosphates 
of lime are quite erratic. They have been found in rocks of all 
ages and of nearly every texture. Sometimes they are very pure, 
sometimes their constituents are extremely variable. Sometimes 
they are found in veins, sometimes in pockets and again in stratified 
layers or beds, in connection with fossilized remains of all kinds de- 
posited by ancient seas. 

The supply of phosphates available for agricultural purposes may 
be divided, from a chemical standpoint, into two principal classes: 

ist. Phosphates of lime or calcium phosphates. 
2d. Phosphates of iron and alumina. 


(1) PHOSPHATES OF LIME OR CALCIUM PHOSPHATES. 


For the manufacture of fertilizers and for agriculture purposes, 
phosphates of lime are generally preferred. This preference by the 
manufacturer is due to the physical characteristics of the compounds 
formed when treated with acid, and the preference on the part of 
the farmer no doubt has been moulded in a measure by the prefer- 
ences of the manufacturers, yet, to a large extent, is probably due 
to the fact that bones are phosphates of lime, and they learned early 
to appreciate the good effects of bone and also in many sections 
recognized the great value of lime as a soil improver. 

In this connection, there has been given a detailed description of 
the various sources of lime phosphates, and for their chemical dis- 
tinctions, see under “Forms of Phosphoric Acid,” on page 18. 
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SOUTH CAROLINA PHOSPHATES. 


For the eastern farmer, the deposits of phosphates in South Caro- 
lina are by far the most interesting of any in the world, for they 
have done much towards increasing the productive capacity of many 
soils, and have made it possible to profitably farm very considerable 
areas that otherwise would have been abandoned. Their discovery 
has also, in a measure, revolutionized the agricultural pursuits of 
all parts of the world. The discovery of the deposits of phos- 
phates in South Carolina is generally attributed to Prof. Francis 8. 
- Holmes, and probably rightly so, for it certainly was in connec- 
tion with his work that the true character of these deposits were dis- 
closed. Some make claims of the discovery for Dr. N, A. Pratt, and 
there is no doubt but that his work contributed toward demon- 
strating for the first time the true richness and value of the deposits. 
However, the existence of the deposits were known even before 
the date of Holmes’ explorations, as is evidenced by the reference 
made to them as early as 1802 by Judge John Draton, but their prac- 
tical value was not suspected. At that period marl or carbonate 
of lime was the valuable product, and these deposits were referred 
to by Mr. Ruflin, the State Geologist, as the “great Carolinian marl 
beds.” Again, the attention of the people of Charleston was called 
to the fossil remains in that section, and to their similarity to the 
Coprolite deposits of England by the writings of an English tourist 
about 1820. 

As these deposits have played so important a part in the agri- 
culture of the Eastern States during the past thirty-five years, it 
may be interesting and not out of place to give a short sketch 
of the incidents relating to the discovery and the development of the 
deposits. 

On the discovery of the deposits, Prof. Holmes, in “Phosphate 
Rocks of South Carolina,” says: 

“Some time in November, 1837, in an old rice field about a mile 
from the west bank of the Ashley river, in St. Andrew’s parish, we 
found a number of rolled or water-worn nodules of a rocky material 
filled with the impression of marine shells. These nodules, or rocks, 
were scattered over the surface of the land, and in some places had 
been gathered into heaps, so that they could not materially inter- 
fere with the cultivation of the field. As these rocks contained 
little carbonate of lime (the material of all others then most eagerly 
sought after), the noduies were thrown aside and considered useless 
as a fertilizing substance. In a low part of an old field (Dec. 9, 
_ 1843), we attempted to bore with an augur below the surface to 
ascertain the nature of the earth beneath, with the hope of finding 
marl. On removing the soil above the rocks, they were seen in regu- 
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lar stratum about one foot thick, embedded in clay, and seemed to 
be identically the same as those found scattered on the surface 
of an adjoining field, all of them bearing impressions of shells, 
and having similar cavities and holes filled with clay. It was on the 
23d or 24th of February, 1344, whilst engaged in the removal of the 
upper beds covering the marl, that the laborers discovered several 
stone arrow heads and one stone hatchet. Not long after finding 
these relics of human workmanship, and while engaged in our usual 
visits to the Ashley bed (marl), a bone was found projecting from 
the bluff immediately in contact with the surface of the stony 
stratum (the phosphate rock); we pulled it out, and, behold, a 
human bone! Without hesitation, it was condemned as an ‘ac- 
cidental occupant’ of quarters to which it had no right, geologically, 
and so we threw it into the river. <A year after, a lower jawbone, 
with teeth, was taken from the same bed. Subsequent events 
and discoveries show conclusively that the first described bone 
was ‘in place,’ and that the beds of the Post-Pliocene, not only on 
the Ashley, but in France, Switzerland and other European coun- 
tries, contain bones associated with the remains of extinct animals 
and relics of human workmanship, proving most conclusively that 
the Carolina specimens were found in place, and as the European 
discoveries were made in 1854, and ours in 1844, to South Caro- 
lina should be awarded the honor of the first discovery. 

“Whilst engaged in manufacturing saltpetre, on the west bank of 
the river, during the Confederate war, the lime or calcareous earth 
necessary in such operations was obtained by sinking pits into the 
Eocene marl bed. Upon the removal of a few feet of the upper 
layers the workmen discovered in one pit a number of oddly-shaped 
nodules, resembling somewhat the marl stones (phosphate rock) 
found in the stratum above the marl, but more cylindrical in form 
and not perforated, and having their exterior polished, as though 
each individual specimen had received a coat of varnish. They ap- 
peared to have been deposited in a large corner or pocket in the 
marl bed. These specimens were preserved and subsequently sub- 
mitted to analytical tests, when their true value was revealed, and 
then began the practical work that demonstrated the_fact that 
South Carolina possessed a deposit of phosphates the richest, per- 
haps, in the world.” 

So much for the discovery of the South Carolina phosphates. The 
commercial history and benefits flowing therefrom are full of interest 
to both business man and farmer. 

On the development of the deposits, L. A. Ransom has given the 
following brief summary in the “Manufacturers’ Record:” 

“The beginning of the War of 1861 interrupted the investigations, 
then in progress by Mr. Ruffin, Professors Holmes and Pratt, Dr. 
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Shepard, vbr. St. Julien Ravenel and other scientific men. lt was 
not until 1867, when reaction from the effects of the war began 
to set in, that attention was then directed toward the development 
of these deposits. In 1867, the Charleston, South Carolina, Mining 
and Manufacturing Company was organized to work the land de 
posits. A few Charleston and Philadelphia capitalists furnished the 
funds and Professor Holmes was elected President. The principal 
office was in Charleston, but a branch agency was established in 
Philadelphia. In 1870, the capital of the company was $800,000, and 
is at present $1,000,000. Many difficulties were met and overcome 
in this work, and much money was sunk, because the field of work 
was a new and untried one, and experience had to be gained by 
great loss of time and a large expenditure. In 1867, sixteen barrels 
of the rock were shipped to Philadelphia by Prof. Holmes for general 
distribution, and the first parcel of super-phosphates (commercial 
fertilizers) was manufactured by Messrs. Potts & Klett, of that city. 
The first cargo of 100 tons was shipped on the 14th of April, 1868, to 
Baltimore, Md., by John R. Dukes, president of the Wando Co., 
of Charleston.” Prof. Holmes thus describes the reception of the 
rock in the markets: “The arrival of the first cargo in Philadelphia 
caused no little excitement in mercantile circles, especially among 
the manufacturers of fashionable fertilizers, and in a very short 
time after the chemists of that city, New York and Baltimore had 
pronounced it a true bone phosphate rock, the phosphate fever be- 
came epidemic in these cities.” 

The organization of companies to mine the river deposits followed 
close upon that of the land companies, the Marine and Oak Point 
mines being the pioneers. With the beginning of river mining, in 
1870, the State, through the legislature, claimed control of the 
navigable streams, and by act of the assembly, imposed a royalty 
of $1.00 per ton on all rock removed from these streams. <A charter 
was granted to the Marine and River Company, which gave it the 
exclusive rights to all the streams of the State upon the filing of a 
$50,000 bond and the punctual payment of royalty, quarterly. In 
1870, three years after the commencement of mining operations, there 
were at work two river companies, five land companies and six com- 
panies manufacturing the rock into commercial fertilizers. The 
Marine and River Company leased a part of their territory to the 
Coosaw Mining Company, an organization composed of Baltimoreans 
and Charlestonians, and organized in May, 1870. This has been 
the most snecessful of all the river mining companies, because the 
most persistent. At the end of the first year’s experience it had 
expended all its money and had nothing left except a dredge and 
some experience. Many of the parties interested favored suspend- 
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ing work, but largely through the influence of Mr. Robert Adger, 
the chief manager, operations were continued, additional capital 
raised and the result was the remarkable financial success already 
mentioned. Subsequent to the organization of the Coosaw Com- 
pany, the Marine and River Company failing to comply with the 
terms of its grant from the State, forfeited its charter and retired 
from business, because they had found mining unprofitable. The 
Coosaw entered into new conditions and bonds directly with the 
State for the territory it had previously worked under permits 
from the Marine and River Company, in 1876, and continued work. 
After overcoming apparently insurmountable difficulties, employing 
the best talent for mining and marketing its product, it has rewarded 
its projectors, and paid handsome dividends to its stockholders. 

The phosphate deposits in South Carolina are designated under 
the heads, viz: as “Land rock” and “River rock,” according to the 
location in which it is found. These two classes vary some in physi- 
cal characteristics, but not greatly in chemical composition. 

The most prominent characteristic of the native Carolina phos- 
phate is its nodular form. Even where the deposits occur as an 
apparently smooth and compact layer, or in large, flat cakes, it is, 
nevertheless, composed of irregular nodules, partially cemented or 
compacted together. Nearly all these nodules have the egg or 
kidney shape. The exterior is sometimes rough and indented, often 
honeycombed with irregular holes, and sometimes it is smooth and 
compact. The surface is occasionally shiny and coated, as if with 
enamel. Fossil shells, fish bones and teeth are not infrequently 
found imbedded in the nodules, and other animal remains occur 
in the same general deposits. The nodules vary in size from the 
fraction of an inch to several feet in diameter, and weigh from 
almost a ton downwards. When found, as much of this deposit is, 
in river bottems or under marsh mud, the color of the material 
is a gray or bluish black. The Jand rock is usually of a lighter 
color, yellowish or grayish white. The masses are easily broken 
and ground to a fine powder, light yellow or gray, often becoming 
so fine as to float in the air. In this extremely fine condition, and 
before being treated with acid, the material is often called Floats. 
There is no reasonable doubt that these phosphates came from the 
remains of both marine and Jand animals, although it would be 
out of place to give the evidence here. <A long series of geological 
transformations is involved, together with different eras of animal 
life, and subsequent changes in the mineral matters themselves. 
From several hundred analyses of the raw or simply ground Caro- 
lina rock, the mineral has been found to contain on an average from 
25 to 28 per cent. of phosphoric acid—2.5 to 5 per cent. carbonic 
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acid, 0.5 to 2 per cent. sulphate acid, 35 to 42 per cent. lime and a 
little magnesia, soda, silica, iron and other elements. The finding 
of the fossil bones, teeth, etc., spoken of has led to the term “South 
Carolina bone,” being incorrectly applied to these mineral phos- 
phates. 

DISSOLVED SOUTH CAROLINA ROCK. 


Rock which has been treated with sulphuric acid to render the 
phosphoric acid soluble or available is termed Dissolved South Caro- 
lina rock. This constitutes by far the greater bulk of the materials 
now used in this country for making phosphate manures. An 
immense trade has grown up in this class of phosphates during the 
last thirty-five years. The most common name by which this class 
is known is “Acid Phosphate,” but it is also found on the market 
as Dissolved 8S. C. Rock, Dissolved S. C. Bone and Bone Phos- 
phate Rock. While the rock which was first used for making this 
class of fertilizers was first found in South Carolina, yet much of 
it now comes from Florida and Tennessee. The dissolved phos- 
phates of this class contain a large portion of their phosphoric acid 
in the available condition, but not quite as much in the soluble 
form as in dissolved bone black. 


DOUBLE SUPER-PHOSPHATE. 


This, as its name indicates, is a concentrated form of soluble 
phosphoric acid. It is made by dissolving mineral phosphates in 
phosphoric acid instead of sulphuric acid. The process of manu- 
facture consists of treating a low grade of phosphate rock, or those 
too poor in phosphoric acid to make a high grade or standard 
super-phosphate, with an excess of dilute sulphuric acid. This sets 
free the phosphoric acid, which, together with the excess of sul- 
phuric acid, is removed and separated from the insoluble materials 
by filtration and washing. The acid solutions thus obtained are con- 
centrated and then used for dissolving the better class of phosphate 
rock. Because the acids used for dissolving the phosphates con- 
tain phosphoric acid, the product yielded contains more than double 
the amount of phosphoric acid in the ordinary product. 

Double super-phosphate is manufactured to some extent in this 
country, but mostly in Europe. Its use in this country is not as 
great now as it wasa few yearsago. This source of phosphoric acid, 
contains a minimum of impurities and a maximum of phosphoric acid 
in the soluble form. 


SUPER-PHOSPHATE. 


This was the name originally given to a fertilizer which had been 
treated with acid to render the phosphoric acid soluble, but in after 
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years it came to be commonly applied to all classes of fertilizers 
rather indiscriminately, especially to all those which had a dis- 
solved bone or rock as a base, even if some nitrogen or potash 
had been mixed with it. To overcome this difficulty the term ‘Plain 
Super-phosphate” came into existence to designate a dissolved phos- 
phate which contained only phosphoric acid. 


FLORIDA PHOSPHATES. 


These phosphate deposits are of two general classes, viz: The 
phosphates of lime and the phosphates of iron and alumina. 

The Florida deposits, perhaps, have more commercial interest at 
this time than those of South Carolina, as a large part of all the 
rock fertilizers on the market are manufactured from the Florida 
goods. There is very little difference in general composition and 
characteristics between the deposits of these two States, except that 
perhaps more of that from Florida runs smaller in size, so that it is 
popularly designated “Pebble Phosphates.” There are both river and 
land deposits of these pebble phosphates, as well as the land rock 
phosphates. Florida phosphates were discovered in the winter of 
i881 by Francis LeBaron, a member of the United States Army Engi- 
neer Corps, while surveying a canal route from the headwaters of the 
St. Johns river, in South Florida, to Charlotte Harbor. Mr. LeBaron 
did not make the discovery public, but recognized the importance 
and value of the “find,” and confided the matter as a secret to a few 
wealthy gentlemen. These capitalists were timid, if not skeptical, 
and so did nothing. The public was not apprised of the existence of 
the phosphate depoists until 1888, and even then it excited but 
little interest, for it was thought that the deposits were small 
and confined to a limited area. 

In 1888, Mr. T. S. Moorehead, of Pennsylvania, followed up the 
discovery of LeBaron—information of which he had obtained in some 
way—and acquired possession of some of the richest of the Peace 
river deposits and started mining in a small way. He made the first 
shipment of phosphates that ever went out of Florida in May, 1888, 
and the total shipment for that year was only 2,000 tons. 

It is interesting to note that with the Florida deposits, as with 
those of South Carolina, the first capital for the development was 
ventured by people from Pennsylvania. 


TENNESSEE PHOSPHATES. 


The deposits of phosphates in Tennessee, from a commercial and 
agricultural standpoint, to-day are next in importance to those 
of the two States mentioned above. The deposits in Tennessee were 
discovered in 1894, and they have been extensively explored and 
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rapidiy developed since that time. These deposits differ from those 
of South Carolina and Florida in that it does not exist as pebbly 
nodules or bowlders, but in veins and pockets. The deposits vary 
in composition, yet many of the veins are very rich and relatively 
pure phosphate of lime. This makes them a valuable source of 
supply for the manufacturer. 


PENNSYLVANIA PHOSPHATES. 


The deposits of phosphates in Pennsylvania, as far as known at 
the present time, are not very extensive, yet they give promise 
of assuming some importance. Mr. T. 8. Moorhead, of Port Royal, 
president of the Tuscarora Valley Railroad, was probably the first 
to call public attention to the existence of phosphate rock in Penn- 
sylvania, in 1895. He sent numerous specimens of these deposits 
to the Pennsylvania Experiment Station for examination, and a 
detailed report of as much as was known of the extent and character 
of the deposits up to that time was made in 1896, in Bulletin No. 34, 
of that Station. . 

Three classes of phosphates have thus far been discovered. The 
first, a friable white rock, locally known as “white vein,” and con- 
tains from 29 to 54 per cent. of bone phosphate. The second con- 
sists of red nodules and contains considerable iron and alumina 
and an equivalent of from 45 to 52 per cent. of bone phosphate. 
The third occurs in blocks which resemble blue limestone, and 
contains about 40 per cent. bone phosphate of lime. Eight feet is 
the thickest vein discovered as far as reported. 

While these materials are of much lower grade than the phos- 
phates of South Carolina, Florida and Tennessee, yet it is of con- 
siderable importance, locally, and will be valuable for shipment to 
nearby points. 

Some idea of the amount of phosphate rock consumed annually, 
can be gained from the following figures, which give the amounts 
mined in the different States during the year 1900: 


Region, Long Tons. 
ESL OVHLGL tram ycve tele tote arecetoreeLateePeroterecatotsleke ers fatateveves crete eit ile tovore aratatcrorctarecatoyeecl si s;ave sieyecevelelslese reins oieinia e cielelsisinetelee 582,900 
TMETIITESSEO TM are tarelare ictaraie iereictalalarayerelclnrovateleccols Srayatelcie’esieveis oiotes siaieieicr cvs ova steve essinisvara cisieralaretuvereleve’e/sleloleietelets | 436, 000 
South Carolina we smrecterceearsrosne sateseisicte Wntie ite os neerrsistcle we Sataraiow evnicoivielecd oiaieierorsieteielevslvisisictere sielefeleislets | 562,000 
Routing Carolina, eee Rees Core hye rein eeh acco tch hc bode wate asacemee cares | 15, 250 
IBEX SYLVAIN Aue oetercterctele tiers wicie cracls oWelcscieieielaictelels ove icles sis(a sibieisie clelele sive ejeieic olelove.s]oveleleleisisiele ajeisie\eleleleisielefe | 3,750 
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VIRGINIA PHOSPHATES. 


The Virginia deposits are attracting more or less attention at 
this time, but they have not been extensively developed. They are 
not unlike those of South Carolina in general composition, though 
they contain rather more iron and less phosphoric acid. 


APATITE. 


Apatite is the name given to a mineral phosphate of lime found 
in numerous localities. It occurs in the State of New York and 
in very large masses in different parts of Canada. But, as usually 
found, it is exceedingly hard and difficult to grind, besides being 
badly mixed with other and worthless minerals. These objections 
have prevented apatite from being extensively used in the manufac- 
ture of fertilizers, although it is rich in phosphoric acid, sometimes 
containing as much as 40 per cent. 


CAPROLITES. 


Caprolites, or coprolites, resemble, in most respects, the nodules 
of the American phosphate deposits, but average smaller and 
more even in size, ranging from one to four inches in diameter. 
They are not common to this country, but are found in England 
and France in quantity and are there used for making commercial 
fertilizers by the thousands of tons. They are believed to be the 
dung of extinct animals, changed into a mineral form and worn 
by water into their usual kidney shape. They also contain other 
animal remains, such as teeth, scales and fish bones. They show, 
by analysis, 25 to 30 per cent, of phosphoric acid. 


PHOSPHORITES. 


Phosphorites are another form of mineral phosphates closely 
allied to apatites, and found in France, Germany and Spain, where 
they are of commercial importance as fertilizer material. 

There are extensive deposits of phosphatic substances in Eng- 
land, France, Belguim and Russia, not especially described, because 
having little effect upon the supplies of phosphates for America. 


SLAG PHOSPHATE. 


Slag phosphate, Basic tron slag or Thomas slag-meal—to these names 
may be added Thomas Scoria and Odorless phosphate, all given to 
a waste material or slag, which is a by-product in the preparation 
of steel, by what is known as the “basic process.” ‘The object of 
this process is the extraction of phosphorus from pig iron, by means 
of a basic lining of the converter invented by Jacob Reese. The 


No. 6. DEPARTMENT OF AGRICULTURE. 833 


product of the process is a substance containing 15 to 20 per cent. 
of phosphoric acid. It is metallic in appearance, but may be ground, 
forming a dark brown meal. The phosphoric acid is in combina- 
tion chiefly with lime, as tetra-calcium phosphate; it is insoluble 
in water, slightly soluble in ammonium citrate, and is, by ordinary 
methods of analysis, classified largely as insoluble. Yet its condi- 
tion is such that soil water, when charged with carbonic acid, will 
dissolve it to a considerable degree. Thomas slag is largely used 
and highly valued in Germany, and is the cheapest form in which 
phosphoric acid can be obtained by the farmers of that country. 
Wagner states that two compounds of this material, ground fine 
(but no acid treatment), containing 18 per cent. phosphoric acid 
and no other valuable plant food, and costing four and one-half 
cents, produces the first year after its use, the same increase in 
yield as one pound of soluble phosphoric acid from bone meal cost- 
ing six and one-half cents. And in the second year the effect of 
the Thomas slag was twice that of the other. These are important 
facts, but the place of this slag phosphate among the commercial 
fertilizers of this country has yet to be determined, 

This material gets the name, by which it is best known in Europe, 
from S. G. Thomas, of England, who claimed to be the prior in- 
ventor of the basic process of making pure steel. This claim was 
disputed by Jacob Reese, of Pennsylvania, and the courts of this 
country have confirmed the claim of Reese. The slag is now manu- 
factured by the latter in large quantities at Pottstown, Pa., and is 
sold under the name of Odorless Phosphate. This is the slag very 
finely pulverized, but not treated with acid. An idea of the growth 
of the consumption of slag phosphate may be gotten from the fol- 
lowing report, showing its production: 
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TABLE 8. 
Slag Phosphate Produced. 
| 
Year. Tons. 
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BASIC SUPER-PHOSPHATE. 


This is a class of super-phosphate that was introduced in the Eng- 
lish market in 1900. It is made up of a mixture of slaked lime and 
ordinary super-phosphate. The idea that led up to the making of 
this mixture was caused by an eftort to produce an alkaline phos- 
phate with some of the characteristics of slag phosphate, but one 
which would also give results on sandy and other soils- that were 
deficient in organic matter. This basic super-phosphate can also 
be used on soils which are acid and upon which ordinary super- 
phosphate (acid phosphate) gives poor results. In fact, the claim 
is made for it that it possesses all the advantages of both slag phos- 
phate and of acid phosphate. 

The following laboratory experiments* show the relative solubility 
of basic slag phosphate and the basic super-phosphate: 


*Experiments of John Hughes, originator of the basic super-phosphate. 
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These figures show the basic super-phosphate to have ten times 
as much matter soluble in pure cold water as the slag phosphate, 
and may indicate the reason for slag phosphate not acting on soils 
which are lacking in vegetable matter. Nevertheless, it will be 
noted that there was no phosphate dissolved by the water from 
cither substance, 

The solubility in weak acid solution was as follows: 
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Basic super-phosphate is probably made by mixing one part of 
finely ground or slaked lime with three parts of plain super-phos- 
plate or dissolved or acid phosphate. 

Basic super-phosphate is not unlike, in some respects, to the non- 
acid phosphate which was manufactured in Baltimore a few years 
ago under the Hoskin patents. 
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RAW BONE, GROUND BONE OR BONE MBAL AND DISSOLVED BONE. 

Animal bones are composed of two distinct substances, which 
interpenetrate one another. There is a sort of. frame-work of earthy 
matter, which is a substance containing much nitrogen. Raw bones 
are, therefore, doubly valuable for manurial purposes, because they 
contain both phosphoric acid and nitrogen. As ordinarily collected, 
bones contain from 50 to 60 per cent. of phosphate of lime and 
from 5 to 7 per cent. of nitrogen. Fresh raw bones also contain fat, 
and this is not only useless as a plant food, but it adds weight to 
the bone and makes it hard to grind, and, when ground, the more 
fat remaining in the bone the slower will be the decomposition in 
the soil. To obviate this difficulty, bones are generally steamed, 
or carried through some process to remove the fat, before they are 
ground for fertilizers. Steamed or dessicated bones, if not too 
strongly steamed, are better for fertilizer than raw bones. Some 
nitrogen is lost by this process, but if carefully done, the gain 
exceeds the loss. Bone meal is obtained by grinding the crude or 
steamed bones, and it is valuable in proportion to the degree of 
fineness to which it is reduced. According to its fineness, it is 
variously called ground bone, bone meal, flour of bone and bone dust. 
The finer it is, if used without acid, the easier it decays or dissolves 
in the soil, and the sooner the chemistry of nature ¢onverts the (tr- 
calcic) phosphate of lime to a form available to plants. Good 
ground bone or bone meal should contain from 20 to 25 per cent, of 
phosphoric acid and from 3 to 4 per cent. of nitrogen. 

The demand for bones for use in various arts and especially in 
refining sugar, is making this form of fertilizing material com- 
paratively scarce in the market and correspondingly high in price. 
If rates advance much, it will become unprofitable for farmers to use 
bone fertilizers for their phosphates. The same causes lead to the 
considerable adulteration of bone meal that is now found. Lime, 
gypsum, coal ashes, ground oyster shells, crab shells and like ar- 
ticles are used for this purpose as well as the less objectionable 
mixing of fine-ground rock phosphate, all being sold under the name 
of bone. When bone, ground bone or bone meal is treated with sul- 
phuric acid, the product is the dissolved bone of our markets, also 
known as acidulated bone, soluble bone and dissolved bone phos- 
phate. This is simply an acid phosphate or super-phosphate, made 
from bones. 


BONE BLACK AND DISSOLVED BONE BLACK. 
When broken bones are placed in a retort or iron cylinder, the 
air being excluded, and then strongly heated, gas, water, oily matters 
and other products are driven off, while black bone charcoal is left. 
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This product, also known as bone black and animal charcoal, is 
used extensively in sugar refineries for taking the coloring matter 
out of raw sugars. From time to time portions of the bone char- 
coal cease to be effective in clarifying and the spent black is then 
sold by the refineries for fertilizing purposes. All the phosphoric 
acid originally in the bones is retained, but the presence of carbon 
prevents the phosphate from decomposing. It is as “dissolved bone 
black” that this article is generally found on the market. Dissolved 
bone black contains a large proportion of soluble phosphoric acid 
and a very small amount in the insoluble form, 


BONE ASH. 


The supply of bone ash comes mainly from South Africa, where 
the bones of animals are used as fuel in extracting the fats from 
the carcass. In the process of burning, all the organic matter is de- 
stroyed, so that the nitrogen of the bones is lost. Bone ash contains 
from 30 to 35 per cent. phosphoric acid, and in a form so insoluble 
that this material is little used as a fertilizer until it has been treated 
with acid. 

At one time this source supplied considerable phosphoric acid and 
was found on all markets, but at the present time little or none is 
to be found. 


PRECIPITATED BONE OR PRECIPITATED PHOSPHATE. 

Every year large quantities of bones are treated with hydrochloric 
(muriatic) acid for the purpose of dissolving the mineral matters 
of the bone and of obtaining their ossein for use in the manufacture 
of gelatine. To the clear solution of phosphate of lime in hydro- 
chloric acid thus obtained is added enough milk of lime to neutralize 
the acid and precipitate the phosphate. The precipitate is in the 
form of a very fine powder and may.be used directly for fertilizing 
purposes, or it is sometimes treated with sulphuric acid to render 
the phosphates soluble as, precipitated, this material contains, on 
the average, about 18 or 19 per cent. of phosphoric acid. 

There is also some precipitated phosphates that come from other 
manufacturing sources. 


BONE TANKAGE. 


Tankage is the residue remaining in the tanks used for boiling 
cattle heads, feet and all sorts of slaughter house refuse. 

Bone tankage represents an important source of phosphoric acid. 
Tt is so closely related to raw bone or steamed bone as far as its con- 
tents of phosphoric acid are concerned that it is not necessary to 
say more here on that point. Tankage is also quite available as a 
source of nitrogen or ammonia in making mixed fertilizers. There 
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are six grades of bone tankage recognized in the trade: Ist grade, 
containing 18 or 19 per cent. of phosphoric acid; 2d grade, 16 per 
cent. phosphoric acid; 3d grade, 133 per cent. phosphoric acid; 4th 
grade, 11} per cent. phosphoric acid; 5th grade, 9 per cent. phosphoric 
acid, and 6th grade, 7 per cent. phosphoric acid. The nitrogen of 
tankage increases as the percentage of phosphoric acid decreases. 


OTHER ORGANIC SOURCES OF PHOSPHORIC ACID. 

There are numerous other sources of phosphoric acid which may 
all be included in the class of refuse or by-product materials. Dried 
fish, which contains about 7 or 8 per cent. of phosphoric acid, is the 
most important of this class. Cottonseed meal and castor pomace 
are also important sources of phosphoric acid. 


PHOSPHATIC GUANO. 


There are two classes of phosphatic guanos; those which are 
largely lime phosphates and another class which are largely iron 
and alumina phosphates. Both these classes are called guanos 
because they resemble one another very closely in general appear- 
ance, and were probably of the same origin. These guanos were 
formed from the dung of birds. The Peruvian guano was the first 
to come into general use and it gave remarkably good results, but 
it contained some nitrogen and potash, as well as phosphoric 
acid. The other phosphates of this class, while resembling the 
Peruvian guano much in appearance, yet were formed in rainy 
regions, which washed out the nitrogen and potash of the original 
dung. The following are the principal phosphate of lime guanos: 
Baker Island guano, which contains 65 to &5 per cent. of lime; How- 
lands Island and Jarvis Island are both nearly as good. These three 
islands are in the Pacific ocean. Majellones and Patagonia phos- 
phates are both rich in phosphate of lime, and also contain some 
nitrogen. The Mona Island, Navassa and Orchilla guanos contain 
considerable phosphate of lime, but also have a marked per cent. 
of iron and alumina phosphates, which places them in the latter 
class as far as their value for manufacturing purposes is con- 


cerned. 


(2) IRON AND ALUMINA PHOSPHATES. 


Very large deposits of phosphates of iron and alumina have been 
discovered in many places of the West India Islands. They were 
at first mistaken and shipped in large quantities for phosphate of 
lime. Upon complete analysis their true nature was determined, 
and because they were unsuitable for the manufacture of super-phos- 
phates, giving, when treated with sulphuric acid, a sticky mass 
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which was hard to handle, to dry and prepare in a geod mechanical 
condition, they were denounced by many chemists as valueless for 
fertilizing purposes. 

The chemists, in stating that this class of phosphates was value- 
less for fertilizing purposes, evidently went a step too far, for they 
should have said that they were not suitable for the manufacture 
of super-phosphates. It is a notable fact, which some chemists evi- 
dently overlooked, that the phosphoric acid which is found naturally 
in the soil exists largely in the form of iron and alumina phos- 
phates, 

While this class of phosphates are not adapted for making super- 
phosphates and, consequently, are unpopular with the manufacturer 
of chemical fertilizers, yet it must be admitted, in the light of results 
of numerous experiments, that they are valuable in the raw state, 
if finely pulverized, as a direct fertilizer. 

The following analysis gives a fair idea of the composition of this 
class of phosphates: 


Per cent. 

MOIStUTE, oo. e cece ceca ec essen esc ences naan saececes scans ennceseececeessa ce ecaccsncccnssecenseecies 12.36 
DIViEICC TROL COMPING CIOM sear. ctc cere cincic crore lovey cteraie crareleie oley/oiarelets eleverd ave, avetaterelalalcleinleleiele clove eiettisistevarelelerartle cantare | 4.13 
PINORP MOT CACORE. srersterssaiciareiovciaveves several sroieve eialelsicrerdietatevertvete vsiave stelalarele,ofeteysie.tySteln ole ois aversive) sYeletoue eravetore errisre 30.22 
MTTIRGiare era ste tafciolstsielattera tote clcrela o's als, eels slats lousie o o-cletateleteietelolerore ciaisle wsalais cjawie cisisle tele vie'e slobivisieieicte te memianere 4.16 
WAP TISS Lemme Mate cialere niall acs, Meis soldi ovessielelelelale cic d eidelelaiele'eucitrs cjeltielalsiove/eisis elcislete tele (ee eleretereisiairteciciebieiecieeine Trace. 
MVR ACES MCh La aE TE UOTU aer eres atorces env ates cle nia ia citi erie 619 walovol evFiny ia ara careletetusnlelbisie were arabe rgeralalew wlalpeleareisteraeticlemic erioteiere | 7.04 
PAM AL TYRE TAA eevee ca catsteso(sva stole elale tet eistone’s (ajar ote) a ves eye sisi lai aie ete) eterevefelsict clare o,evevels! ohoteta slevotelelan ele iefoteraiolesaccvelersnteietertaeterse 24.00 
CWaAMDOI Cea Cid were e aiiavcterals gees ois s Sess oie Sicha 906 cies @oLglolsig ee sve 3 cield 6 siaraye ea acIn Gaiorele Minerals oaee | None, 
PSUS ANTI CM CLC Seay crotnis)af0/e!aie)ajolose's)sieko.oi=/o¥s) slo's /e)= aia}e.c7s eis) e\s'e{elora\a\a's (ala ciccelaielo/are\cerie, 61s eveje’s(e'siere]ieis cieierstemetevarnia | None. 
PRONTO VLTNC sae severe rates shetarareisievelelasoisyeielelsiaisiel sis eteieisierayao sj etsteteloisyavsloloie’eyaretotere/eielalois ois/eletoioisiele’ lalsisicialolerayareletoeterersteyele | Trace. 
NTASOMD Sein SCONE Sarl Ol aC EC Marcle cyofoiaiatcleissars iate(aistere) sjo\ scsi sis-s\s\s[asalete le, clale.s Sreiaiereisiohel ce eee bce oreie cieieemieete 18.09 

100.00 


*Equal to 65.87 per cent. of tri-basic phosphate of lime. 


FLORIDA SOFT PHOSPHATES. 


This is probably the most important alumina and iron phosphate 
to the States of the Atlantic ocean border at the present day, both 
from an agricultural and commercial standpoint. There is consider- 
able deposits of this class of rock in Florida. It igs known as soft 
phosphate because of the ease with which it is broken up and pul- 
verized. As has been said, it is not well adapted for treatment 
with acid for making soluble phosphates, as the alumina and iron 
make a sticky mass which is hard to dry and keep in a good me- 
chanical condition. Hence, it has not been mined extensively or 
had a large sale. Locally, this soft phosphate has had extensive 
use in its natural condition. Its application has given good results 
on sandy land, which had been given heavy dressings of the native 
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swamp and lake muck. This muck furnishes nitrogen as well as 
the much-needed organic matter. These phosphates have also given 
good results on the “hammock lands.” 


ALUMINA AND IRON PHOSPHATE GUANOS. 

As has been already mentioned, there is a large class of phosphates 
which are derived from the dung of birds and sea fowls, which go 
under the term of guano. These phosphates have more the appear- 
ance of earth than of organic products. As originally formed, 
of course, these were mostly phosphates of lime, but through the 
action of the water, in conjunction with the rock and soil charac- 
teristics of the islands, the lime has been replaced by alumina and 
iron. Most of the phosphates from the islands off the coast of South 
America and from the West India and Caribbean Islands belong to 
the alumina and iron class, 

They are popularly known under the name of the island on which 
they are found, and the principal ones which are met with in agri- 
cultural literature and trade are as follows: Alta Vela, Caribbean, 
Cuban and Redunda phosphates or guanos, besides the Mona Island, 
Navassa and Orchilla guanos already mentioned. 


THE USE OF PHOSPHATES. 


There seems to be but little doubt as to the need for the appli- 
cation of phosphates when the amount that is being taken out of 
the soil annually by crops is considered. It has been seen from 
the matter on the preceding pages that there is an abundant supply 
of phosphoric acid to draw from, and in quite a variety of forms, 
so that it would seem possible to be able to comply in this respect 
with almost every requirement of the soils and crops which might 
be presented. While most farmers seem to be aware that there is 
a variety of sources of phosphates, yet they have not come to give 
that consideration to the other phases of the subject as would 
seem desirable in order that the different phosphates might be used 
most intelligently or with more profit. In this connection, the 
following questions immediately arise in the minds of the farmer: 

Ist. Under what conditions is it possible to essentially increase 
the returns from the soil by the application of phosphates? 

2d. What kind of phosphates shall be used? 

3d. How shall it be used or applied? 

4th. How much shall be used? 

These are all natural questions and ones to which every farmer 
could well give more study. The first point to study in the con- 
sideration of the question of the application of phosphates is the 
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same that arises in connection with the use of any fertilizer, and 
that is as to the consideration of the particular soil in question 
and its requirements. 

The cause for small returns from land is not always a lack of plant 
food, consequently this is the first point to be considered. Often 
the plant suffers from either one or a combination of the following 
iroubles: 

Ist. Gets thirsty from an insufficient supply of water. 

2d. The soil is not properly aerated. 

3d. From an insufficient porosity of the soil, whereby root develop- 
ment is checked. 

4th. From caking of the soil, which works harmfully and locks 
up plant food. 

5th. From the soil being impenetrable, which makes the soil wet, 
with all of its attendant evils. 

6th. From lack of humus or organic matter and, hence, the soil 
is heavy and lifeless. 

7th. From the soil being acid, which prevents normal plant de- 
velopment and especially the growth of the beneficial micro-organ- 
isms of the soil. 

8th. Occasionally in the east, and often in the west, the soil is 
overcharged with soluble salts, which prove harmful. 

In short, theré are many physical and chemical relations of the 
soil or unfavorable conditions of the health of the plant which exert 
an injurious influence on the proper development of the plant, and, 
hence, cut down the yield. 

In such cases, the plant seldom has need of a large addition of 
food, and the first step toward an improved yield is to seek the 
difficulty and correct that before considering what plant food to 
supply and how to supply it. 

There are many ways open to correct the difficulties enumerated 
above, such as irrigation, drainage, deep culture, better plowing, 
more thorough harrowing and pulverization, mucking, liming, marl- 
ing, ete. It is only by fully utilizing these means that the land 
will be in shane to receive artificial applications of plant foods, and 
that crops may use and benefit by such applications. In fact, apply- 
ing artificial plant foods under many of these adverse conditions 
actually works harm instead of good. Deep, well-tilled, well-drained, 
non-acid loam containing a fair amount of organic matter or humus, 
and under good weather conditions, offers the best circumstances for 
a sure effect from the application of phosphates or any other plant 
food, and every means which improves these conditions will con 
tribute towards the success of such applications. 


51 
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How much phosphate to apply, as with other plan. tooas, wast 
depend upon the requirements of the crops grown with reference to 
the soil in question. 

Luxuriant plant growth or large crops and intensive soil culture 
are synonymous with the rapid conversion of plant food into crops. 
The demand for plant food must, therefore, be greatest where the 
consumption is greatest as will be indicated by the yield of the 
crop. This demand must be supplied, either from rendering the 
natural plant foods of the soil available or else they must be supplied 
through artificial applications. Hence, the quantity of phosphoric 
acid to apply must be regulated with reference to the natural soil 
supply and the requirements of the crops being growp. 

From what has been said it must not be inferred that phosphoric 
acid can only be applied advantageously on the better grades of 
soils. This would be absolutely incorrect, for under favorable cir- 
cumstances relatively larger results are secured from the appli- 
cation of phosphates on poor and even neglected and exhausted soils, 
but in such cases the applications should be made with greater pre- 
caution and intelligence as the conditions are more special and entail 
greater risks than on soils in better condition. 

The points as to what kinds of phosphates to use in particular 
cases and how to use it, will develop in connection with the discus- 
sion of different phases of the subject as presented in the subse- 
quent pages, and each person will need to study this portion of the 
subject and make such application as may seem best under the par- 
ticular circumstances with which it is being dealt. 


PGINTS AFFECTING THE AVAILABILITY OF PHOSPHATES. 


The form in which phosphoric acid offers the best all-round ad- 
vantage to the practical farmer is a very delicate and difficult one 
to determine. Reasoning on the basis of the generally admitted 
theory that all elements must be in solution before they can enter 
into the interior of plants, it would then naturally follow that prefer- 
ence will be given to those phosphates which are most readily soluble 
or subject to dissociation. This will depend principally upon two 
conditions 

1. The form and general characteristics of the phosphate. 

2. The nature and composition of the soil to which the particular 
phosphate is applied. 

In general, phosphates with the same chemical and physical char- 
acteristics are equally valuable when used under like conditions, 
no matter from what source they have been obtained. The many 
factors which enter into the availability of phosphates can be con- 
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sidered more in detail in connection with the results of some experi- 
ments treated of later in this bulletin, but a brief summary of the 
principal points will be given in the following paragraphs. 


THD INFLUENCE OF THE CHARACTER OF THE SOIL UPON THE 
AVAILABILITY. 


The kind and character of the soil may influence the ease and 
rate at which plants may be able to use the phosphate which is ap- 
plied. <A soil which is open and porous, and which admits of a free 
circulation of air and water, presents more favorable conditions for 
the crops using the phosphates than on a close, compact soil. 

There is a marked difference in the availability of phosphate 
dependent upon the origin of the soil, and, hence, upon the chemical 
and physical properties. Many phosphates will act well on clay 
soils that are poorly adapted to the sandy soils, and some difference 
is manifestly due to the different chemical properties of various 
clay and sandy soils, dependent upon their origin. 


THE EFFECT OF ORGANIC MATTER UPON THE AVAILABILITY OF 
PHOSPHATES. 


Organic matter exerts’a marked influence upon the physical 
properties of a soil and, hence, in this way alone, may aid in making 
applications of phosphate available. The formation of humic acid 
and humates also works beneficial results. Again, the organic 
matter is constantly undergoing more or less decomposition and 
thus giving off carbonic acid gas, which unites with the soil water. 
Water so charged has a greater dissolving action upon phosphates 
than ordinary rain water, hence, the presence of organic matter 
may render many phosphates available which would be entirely use- 
less in the same soil without the organic matter. — 

Some experiments conducted by Bretschneider to determine the 
relative solubility of some phosphates in pure water and water 
charged with carbonic acid show that one part of phosphoric acid 
was dissolved in the several substances as follows 
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Several investigators have tested the solubility of rock phosphates 
in humic acids and in humates of ammonia, and it has been shown 
that the humic acids have really a considerable solvent power for 
phosphates, which would seem to explain the good effects produced 
by certain phosphates on peaty or muck soils. 


INFLUENCE OF THE KIND OF CROP UPON THE AVAILABILITY. 


The root system and habit and periods of growth vary considerable 
in different classes of crops. and hence their ability to get at and use 
plant foods, which accounts for some crops using insoluble phos- 
phates more readily than others. 

For instance, some experiments seem to show that turnips possess 
io an especial degree the ability to feed upon undissolved phos- 
phates, while potatoes seem to have but little ability in this direc- 
tion. 


THE INFLUENCE OF THE SOURCE OF THE PHOSPHATE UPON ITS 
AVAILABILITY. 


As has been stated, the availability of a phosphate depends upon 
the source and the relation which it bears to the soil, the crop and 
the conditions under which it is applied. So that phosphate which 
is available under one condition may be unavailable under another. 

If the availability of the phosphate used depends upon the changes 
which take place after it is applied to the soil, it will generally be 
found that organic phosphates will act quicker than those of mineral 
origin, as all organic matter is subject to decay and thus responds 
to the action of the natural agencies which exist in most cultivated 
soils. While the mineral phosphates are fixed and more or less 
stable compounds, which, if not natural food for crops become so but 
slowly, as they yield very gradually to chemical changes. 

When the material is being used in a dissolved condition it makes 
but little difference whether it is derived from the animal or mineral 
source. 

THE AVAILABILITY AND LASTING EFFECTS OF PHOSPHATES AS DE- 
TERMINED BY MECHANICAL CONDITION OR DEGREE OF FINE- 
NESS. 

The finer or more highly sub-divided a material is the greater sur- 
face it presents and, hence, the more easily is it acted upon by either 
organisms of decay or dissolved by the soil water, or the solution 
sent out by the roots of plants for the purpose of preparing plant 
food. 

The finer the material the more easily is it disseminated in the 
soil and consequently placed in better position to be used by plants. 

The chief ultimate value, as explained elsewhere, in reducing the 
phosphate to a soluble condition is the fine division and great dis- 
semination which they get in the soil by being reverted or precipi- 
tated. 
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There is no particular classification of most phosphates, particu- 
larly the dissolved goods, with reference to mechanical condition, 
but with raw bones all fertilizer controls adopt a standard of fineness 
and base the valuation accordingly. The following are the stand- 
ards and values in common use at this time: 


Standard of Fineness. Value of Phosphoric Acid. 
Mine Mless shane oO piri D yr <retainrcistojaie\sisisie e)s'siersie-<.oie'e(eleicloieleleisisiviicieieisie'ece sleisielete e.e 5 cents per pound. 
MC GAIT TING syst -omeOg 1=-O0 rN GIs r mictorclatsreiaisicss c's 5 cietcraictets’a:o'eisietela\ele'eloicicieve Siaieaceiete's 4 cents per pound. 
Mie Orie 12 REO 2G yy cerersienseietofare slateta’oistele'e sle's’ctaveieicisjaiersisieevs ate'sielerte seleleereisie 3 cents per pound. 
Comrsere lar rena clan <1 2 lM Ci a crcrsieisciatarsiste\sn cisveisiocelne acl sle cisisyalere'aleialeinisieis'elaieisicce 2 cents per pound. 


In the early days of the use of bones as fertilizers they were ap- 
plied in a very coarse condition, but as their use grew they were 
made finer and finer, until, in some cases, they were reduced to an 
impalpable powder. To reduce the bone to powder is too expensive, 
but now, in most cases, they are ground quite fine. Considerable 
study of the question of the rapidity of the availability of bones 
and phosphates has been made in Great Britain in connection with 
the tenant system of that country, so that due credit could be given 
for the amount remaining in the soil a given period after applica- 
tion with the various systems of farming. The degree of fineness 
of bones was an important factor in this valuation. 


THE LIMING OF LANDANDITS EFFECT UPON THE AVAILABILITY OF 
PHOSPHATES. 


There has been considerable said from time to time upon this 
point, and there seems to be considerable difference of opinion ex- 
pressed. No doubt there are some soils and circumstances which 
will produce directly opposite results when the land is limed either 
directly before or after the application of phosphates. The opinions 
expressed as a result of the first experiment conducted by the French 
chemists upon this point were to the effect that lime and phosphates 
were incompatible, as the soil water had a greater dissolving ac- 
tion on carbonate of lime than on phosphates, so prevented the 
crops using the phosphate. Be this as it may, there seems to be 
but little evidence that such is the result in practice, as in very 
mnany cases increased yields follow such combinations. This opinion 
seemed to be substantiated to the greatest extent on the soils 
already rich in carbonate of lime. On soils that are deficient in 
lime there seems, on the contrary, to be a benefit from the use of 
lime and phosphates in eonjunction. While it is doubtful if these 
should be applied either at the same time or very close together, 
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yet if there is a reasonable time elapsed after the application 
of the lime and the lime had been thoroughly incorporated with 
the soil before putting on the phosphate it would seem from 
theory and also from the results of practice that the lime would 
aid in the forming of more desirable compounds with the soluble 
phosphoric acid than would be formed by a union of phosphoric 
acid with either iron or alumina. Again, on land that has been 
limed, the precipitation or reversion of the soluble phosphates would 
take place promptly and thus prevent harm that might come from 
the acid condition of the soluble phosphates when they come in 
close contact with young tender roots of plants and germinating 
seeds. 


HOW SHALL PHOSPHATES BE APPLIED, BROADCAST ORIN THE HILL 
OR DRILL? 


The question is frequently asked as to how phosphates and, in 
fact, fertilizers in general, should be applied. From what has al- 
ready been said on the point of the desirability of thorough dis- 
semination of phosphates of all sorts and of getting the soluble 
phosphates incorporated with the soil so that reversion shall 
promptly take place, and not subject the young and tender rootlets 
to injury from the acid and soluble phosphates, it would seem that 
there should be but little doubt but that the best way to apply 
phosphates would be to broadcast them and to have the broadcasting 
done so as to get as thorough a distribution as possible. 

Again, in the case of the soluble, or acid phosphates, the principal 
value ultimately gained by the treatment with acid is the obtain- 
ing of the phosphates in a very finely divided state and getting it 
widely disseminated. ‘The full value of these points is only obtained 
by broadcasting the fertilizer, 

There is still another and very important point to consider in this 
connection, and that is the means by which plants feed. Plants 
obtain their food through the roots and the most active roots are 
the young and fibrous ones. A study of the root systems of all 
our common plants will be a great surprise to anyone who makes 
the study or examination for the first time. The area and depth 
covered by the roots of all our plants will astonish most farmers 
who have never considered the matter. When corn is but six or 
eight inches high the roots of the plant will often be found to 
be extended out two or three feet in all directions, or to be running 
fron: row to row and going much deeper than is ordinarily plowed. 
The roots of a tobacco plant will almost always cover two or three 
time as great a surface as the leaves of the plant can shade. Even 
the roots of potato plants before maturity will extend from row 
to row under the common system of planting. 
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Now, taking these facts as to the root system into consideration, 
it would seem to present another strong argument in favor of 
broadcasting the fertilizer. Wide distribution also brings the phos- 
phates in contact with a greater amount of soil waters and thus 
increases their availability. In case of raw bone, broadcasting would 
favor decomposition and the natural agencies for rendering it avail- 
able. Putting bone, acid and other organic fertilizers in the hill will 
ofien produce fermentation that will kill the germinating seed. 

There are times and circumstances, however, when it probably 
would be advantageous to apply phosphates, or even other fer- 
tilizers in the hill or drill. Such cases would probably be caused 
by the following considerations: 

Ist. When very small quantities were being used and it was only 
desired for the purpose of giving the crop a rapid start, while the 
natural fertility was sufficient for growing a good crop after it 
was well started. 

2d. Under some circumstances the application in the hill or drill 
would have a tendency to retard the reversion of the soluble phos- 
phatcs and thus keep it for a longer time in a form more available 
to certain crops. This consideration may obtain in some cases with 
such crops as potatoes. 

ad. The application of small quantities of phosphates and other 
fertilizers (particularly kainit) will sometimes protect plants from 
cut worms and root lice in the early stages of their growth. 


Putting fertilizer in the hill has been likened to a man sitting 
down on his dinner pail and then reaching out for his dinner in all 
directions, but there is no doubt that in some cases and with 
some plants it is just as easy for the roots to reach and feed on 
the fertilizer in the hill as it would be for a man to utilize the 
dinner under such circumstances. 

Taking everything into consideration, it would probably be best, 
under ordinary circumstances, to always apply phosphates broad- 
cast and only put it in the hill when guided by special conditions. 


THE AGRICULTURAL AND COMMERCIAL VALUE OF PHOSPHATES. 


Notwithstanding the numerous explanations that have been made 
in the agricultural press, in bulletins and by lecturers at farmers’ 
institutes, etc., of the difference between the agricuitural value 
and the commercial value of fertilizers, farmers are continually con- 
founding the two values, and falling into the error that because 
one fertilizer has a higher commercial! value than another it must 
necessarily have a higher agricultural or fertilizing value as well. 

The commercial value of a fertilizer depends upon its abund- 
ance, the ease with which it is produced and the amount being 
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used, or, in other words, upon the ever-ruling elements in the 
commercial world of “Supply and Demand.” 

The agricultural value depends upon the ability of the particular 
fertilizer or phosphate in question to improve the fertility or pro- 
ductive capacity of a particular soil. Hence, it will be seen that the 
agricultural value, within certain limits, is not directly dependent 
upon the commercial value (and vice versa), and is a value that 
changes with different soils. 

To illustrate; suppose a particular class of soils contain all the 
phosphates necessary for crops and that the application of any 
more phosphates give no returns whatever in increasing yields. This 
would mean that for that particular piece of land phusphates had 
no value agriculturally; yet that would not affect the market or 
commercial value of the phosphate. To illustrate further; sugar 
hes 2 commercial value of $100.00 per ton, while Dissolved Soutli 
Carolina rock can be purchased for one-tenth that sum. From a 
fertilizing standpoint, it is doubtful if an application of sugar would 
have any effect on the yield of crops, while the phosphate might 
double them, and thus have double the agricultural: value of the 
sugar. Again, clover hay, for instance, has double the fertilizing 
and feeding value of timothy hay, yet the commercial or market 
value of timothy hay is always the more. 

The following is the commercial value of phosphoric acid in differ- 
ent phosphatic materials according to the trade valuations in Penn- 
sylvania in 1901: 
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1é) 
Soluble;phosphoric acid dnybone fertilizers, mescecec seoceeaie neste nsecisiceiscicieceeiseecmesicisencice | 5 
Solubleyphosphoric acidvingrock fertilizers.  citewiissieierissiciseieeiceiee siecle sisielciervieeiclcia vieieteiereste ciecieele } 3 
Revertedphosphoriccacid’ injhone fertilizers’ mecisscciswiice sect cesicnis cic clon « clacieis tcinicieeece cierto | 4% 
Reverted phosphoricvacia! in crock fertilizers soc cese sie cisclea nes eclecwisiecscctiscicce ce ereesioccecnies 216 
insoluble} phosphoric, acid in sbone! fertilizers). -cissicieceemilercesice a ceises « clvlece ceilecies vie cles tepiearses | 2 
tnsolublesphosphoric acid in’ rock fertilizers) 2.5 -cecsineaemencee ccece cca cncnelencscceececcenene | 1% 
Total phosphoric acid in fine raw bone, tankage and fish fertilizer, ...........e.seeeee- | 3% 
Total phosphoric acid in Medium Ione and | tankAce ny a cjs cet iielelslsielsieis elels'ais (cers slelala elelsieie’eieisie e/et= 3 
“otal phosphoric acid in’ coarse bone and’ tankage,) Jocca.crecccse cere scescccccescccccesccscs 2% 
otal phosphoric:acid’ inviecotton=seed) meal 22 sccmcicwscice otcmeisccisuicisels selelv ce sisivcieesiewcicicisis oes | 4 


Castor spomace yand Wood) ashes) s5.'. hoccinese corsicieiacieniae one clieine noel clos oe een Sane Dee ees oemenel 4 
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From these figures it will be seen that the commercial or trade 
vatue of 100 Ibs. of soluble phosphoric acid in a dissolved bone would 
be $5.00, while 100 Ibs. in a dissolved rock would be but $3.00. From 
an agricultural standpoint, in view of all the experiments which 
have been conducted, the value of phosphoric acid from the two 
sources would be exactly the same. 

Again, the above valuations place a higher valuation upon the 
total phosphoric acid in cotton-seed meal than that from bone, 
whercas, when applied, probably there would be no difference so far 
as phosphoric acid is concerned. 

From what has been said it would be plain to every farmer that 
he should buy a phosphate or, indeed, any fertilizer with reference 
to the value it has to him in increasing the productive capacity 
of his soil and not purchase solely upon the basis of commercial 


valnations as represented by agents or tabulated analysis of fer- 
tilizers. 


THE DETERMINATION OF AVAILABLE PHOSPHORIC ACID IN SOILS. 


The purpose of the agricultural chemical examination of soils, 
from the earliest time when the science was employed in this way, 
was to throw some light upon the relations of the various constitu- 
ents to plant growth and especially to determine the amounts 
of the essential constituents which are in a condition to be used 
by crops or, in other words, “available.” There have been numer- 
ous methods proposed for distinguishing between available and 
unavailable plant foods in various kinds of soils, and this problem 
has occupied the attention of the best minds in agricultural chem- 
istry for many years. No one element in this study has received 
as much attention as the phosphoric acid. 

At the present day there seems to be a general agreement that 
the use of weak solutions or solvents give results that more nearly 
correspond to the results obtained by cropping, yet there is much 
difference of opinion as to the proper acid or solution to use. 
This condition, no doubt, is due to the variations in the ehemical 
characteristics of the soils experimented upon. 

The present status of the results obtained in this research would 
seem to indicate that it is very improbable that a marked distinction 
of any kind can be drawn between “available” and “unavailable” 
compounds of phosphoric acid in the soil, for the reason 
that is is not probable that any soil contains a compound or 
group of compounds which can be wholly removed by plants or dis- 
solved by an acid that is “available,” before the remaining com- 
pourds are attacked. From the very nature of the changes which 
are taking place in soils, produced either by crops or natural agen- 
cies, there must be more or less change and re-arrangement of the 
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elements as different ones are attacked, thus making some phos- 
phates available that were previously unavailable, or even the reverse 
may take place. 

1t is probable that of the many methods proposed that none 
of them will be equally well adapted to all classes of soils owing 
to 1uc selective power of certain acids for different combinations of 
phosphoric acid, and they will attack different types of soils with 
more or less vigor, but in the main the relative action of all acids 
on all soils will be alike. 

Hall and Plymen have recently made an extensive research and 
review of the methods proposed for available phosphoric acid, and 
have reached the conclusicn that one per cent. selution of citric 
acid gaye results which are most in accord with the known history 
of soils. On soils well provided with carbonate of lime, there was 
little difference in the results obtained with the different acids 
tried. 

With the present state of the perfection of chemical analysis 
of soils it will still be necessary te put much reliance upon the re- 
sults obtained by the practical use of the various phosphates in 
connection with the growing of different crops upon a variety of 
soils. Upon the following pages will be given brief summaries of 
prominent experiments of this character. 


EXPERIMENTS WITH DIFFERENT FORMS AND SOURCES OF 
PHOSPHORIC ACID. 


Almost as soon as the value of phosphoric acid began to be recog- 
nized as an essential plant food, various experiments were conducted 
as to the value of the phosphoric acid from different materials 
and sources. These experiments have been repeated from time 
to time under varying conditions and circumstances. The experi- 
ments upon points which seem to have particular value to the 
farmers in the United States are those conducted at the Pennsyl- 
vania Experiment Station and at the Maryland Agricultural Ex- 
periment Station. These two series of tests have been performed 
upon two distinct classes of soils, which are representative of a 
large percentage of those commonly cultivated, and the conditions 
under which the tests were carried on are fairly representative of 
ordinary farm practice. So the results would seem to have much 
value for practical application. 


Article on the determination of available Plant Food, Jour. Chem. Soc., Lond., Jan., 1902, pp. 
117-144. 
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EXPERIMENTS AT THE PENNSYLVANIA STATION, WITH SOLUBLE, 
REVERTED AND INSOLUBLE PHOSPHORIC ACID. 

These experiments had for their object the testing of the value 
of the different forms of phosphoric acid in actual crop production. 
as compared with their cost in the market. These experiments were 
planned by Dr. W. H. Jordan, now director of the New York Agri 
cultural Experiment Station at Geneva, and have been in progress 
since 1883 or nearly twenty years. 

The soil of the plots used in this test is a so-called limestone 
clay, formed from the decomposition of the surrounding and under- 
lying rock, which is very largely magnesia and limestone. It has 
the general appearance of a clay loam. Previous to the adoption 
of this land to the experiments under consideration, it was farmed 
under the general four or five years’ rotation of that section, which 
includes turning under a good sod every four or five years, and 
thus the land contained a fair amount of organic matter. The 
plots were laid out in the spring of 1888. In 1879 and 1881 the land 
was in grass (clover and timothy) and in 1882 in potatoes. No man- 
ure was applied to either crop. The first year the plots were seeded 
to oats and no fertilizer of any kind was applied, so that some idea 
could be gained as to the uniformity of the land. In the general 
work the four year’s rotation, common to that part of the State, 
was adopted, viz: oats, wheat, grass, corn. The fertilizer was ap- 
plied but twice in the rotation just previous to seeding to wheat 
and planting to corn. 

The last report made upon the results of these tests is contained 
in the annual report of the Pennsylvania Experiment Station for 
1895, and covers the work for twelve years, or three rotations. The 
kind and amount of fertilizer applied is shown in the following table: 
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TABLE 9. 
Kind and Amount of Fertilizer Applied to the Different Plots. 


Quantity of valuable in- 
gredients applied per acre. 
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The following isa summary of the results as given in that report: 
SUMMARY OF YIELD AND VALUE OF CROPS. 


WHEAT. 


Taking the average for the three years, 1884, 1888 and 1892, in- 
soluble phosphoric acid in the form of ground bone, and the insolu- 
ble phosphoric acid in the form of ground South Carolina Rock gave 
practically identical results, no phosphoric acid, stood third in grain 
and fifth in straw, reverted phosphoric acid in the form of dissolved 
bone black treated with an equal weight of lime, fourth in grain and 
third in straw, and soluble phosphoric acid in the form of dissolved 
bone black, fifth in grain and fourth in straw. 
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TABLE 1. 
Average Yield Per Acre of Wheat of Plots. 
a ER =< 
| Average. 
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A &G| Soluble phosphoric acid, ....| Dissolved bone black, ..| 200 | 1,694 | 28.23 | 3,014 | 4,708 
B & H | Reverted phosphoric acid, ..| Dissolved bone black,* .| 200 1,794 29.30 32/8 | 5,002 
C &I | Insoluble phosphoric acid, ..| Ground bone, ............ 150 1,895 81.58.) 32839 be 2e4 
D &J | Insoluble phosphoric acid, ..| South Carvlina rock, ....| 150 1,894 31.56 3,338 | 5.232 
ak ENO DHOSDhOnic TaGid ey sccescsl|iies cleoat- meetin oiscwietete ae stare ereleisl| teletaiais 1,824 | 30.57 | 2,798 | 4,632 
Gerla | NOthing © iis aerccicns cc Cojo a ciejeiaaiel|\ o's ae.na\aiele.eje :018 a vleieie sieie cle vsieie.si|.vic.c 0,aj0 1,351 22.52 1,966 | 3,317 


*Treated with an equal weight of quick lime twelve hours before application. 


Assuming the yield of the plots receiving no fertilizer to be 100, the 


average yield of the different plots is as follows: 
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 & J | Insoluble phosphoric acid, ..| South Carolina rock, ............ 150 140 170 
Se KINO w Phosphoric: Acid jaciciciercia|l scirisceiceiercveiehelste, sie o/etes ese) eisieleieleleit sieiele's /o'seie,|[oselstelele 136 143 
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The value of the crop per acre for the different fertilizers applied 


is shown in the following table: 


TABLE 11. 
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A &G | Soluble phosphoric acid, ............ BonerwDlackes nec cscteeriasice | 24 84 6 03 | 30 87 
3 93 | 23 75 
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Taking the average for the three years, 1885, 1889 and 1893, in- 
soluble phosphoric acid (ground bone) was first, reverted second, 
soluble third and insoluble (South Carolina rock) fourth. 


TABLE 12. 


Average Yield of Grass (Hay) per Acre. 
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The value of the crop per acre for the different fertilizers applied 
is shown in the following table: 


TABLE 13. 
Average Yearly Value of Hay per Acre. 


Form of Phosphoric Acid Applied in Connection Form in which the 
Plots. with Nitrogen and Potash. | Phosphoric Acid | Value. 
Was Applied. 


Créeck Insoluble PHOSPHOTIC! ACIA A \cieeciccc clecdt/sisieie\cle siete v'olsisieie' Ground bone, sic ieleeceic'e $i8 69 

Bical Reverted PHOSPHORIC ACIG 0 fo. scis:0.0st10 ele si0,e)5/01s/v aco; 8/aisreieis | Bone black and lime,.... 18 33 
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Py ede nsolublie” DHOSPHOriCM ACLs... scisis wisiais/e/eicicieieis els sielelels'e/ele South Carolina rock,.... 17 41 
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CORN. 

Taking the average for the three years, 1886, 1890 and 1894, in- 

soluble phosphoric acid (ground bone), was first in the yield of grain 

and stover, reverted second in grain and third in stover, soluble 

third in grain and second in stover, and insoluble (South Carolina 
rock) fourth in grain and stover. 


TABLE 14. 


Average Yield of Corn Plots. 
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The value of the crop per acre for the different fertilizers applied, 
is shown in the following table 


TABLE 165. 
Average Yearly Value of Corn Per Acre. 
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Form of Phosphoric Acid Ap- Form in which the , @ 
plied in Connection with Phosphoric Acid z 8 : 
Nitrogen and Potash, was Applied. o a 5 
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C &I | Insoluble phosphoric acid, .........- Ground bone, ............ $27 54 $5 19 $32 73 
B & H | Reverted phosphoric acid, .......... Bone black and lime, .. 26 29 4 84 31 13 
A &G | Soluble phosphoric acid, ............ Bone! DIage@ke crcsiecisseinielee' 25 89 4 86 | 30 75 
D & J | Insoluble phosphoric acid, .......... South Carolina rock, .... 25 25 478 | 30 02 
E & K | No phosphoric acid, ............00. arafall cava raiaveete ta cle ietayate olslstors cleleseinisictstare 21 56 fia, 25 73 
Or Repl IN OLHIN Fo yejeleicie cleiels)oYolesele\s/sle/sle’a/elejaie.e|lalefeln'| lelolalsl<fotelota\ele/alnieseielovelnrel=/leis\e(elnie/eie 17 52 | 2 57 | 20 09 
| | 
OATS. 


Taking the average for the three years, 1887, 1891 and 1895, in- 
soluble phosphoric acid (ground bone) was first in the yield of grain 
and straw and weight per bushel, insoluble (South Carolina rock) 
second in grain and straw and fourth in weight per bushel, reverted 
third in grain, fourth in grain and fifth in straw and weight per 
bushel, soluble fifth in grain and third in straw and weight per 
bushel. 


TABLE 16. 
Average Yield Per Acre of Oats. 


Average. Average for three 
years. 

Grain. B : Lt 

oo ae bog = 

An o n a 

Form of Phosphoric Acid 2 a S 3 

Applied. > = B 3 a 

a : F it : te 

= n re} a . n . cy) 

Q 4 2 | g Q 3B ro 

Sa) Fels Reet oe es 

LS | to ow oe | r | | oe, 
| E che ag z 4 |oa 
2 7 : 3 aq |a!]s 3 a | Mo 
e Ra 3 A Nestea me Phe tl Mr de Wt pir P| 

A, | fa nm |e Be kicoe | aes |e 
A&G}! Soluble phesphorie acid, ...... 1, 400 | 43.75 | 1,387 2,737 39 113 | 122 117 105 
B & H| ReVerted phosphoric acid, ....| 1,507 47.10 1,326 2,833 39 121 121 121 106 
C &I | Insoluble phosphoric acid, ....| 1,580 49.39 1,595 3,175 39 127 146 136 106 
D & J | Insoluble phosphoric acid, ....| 1,544 48.24 1,557 8,101 38 124 142 133 104 
E & K| No phosphoric acid, .......... 1,457 45.54 1,217 2,674 38 117 11 114 104 
Rel aia NO GINITL Sy ieleteroleleevelots eieretelvieieteleieiate cls 1, 242 38.81 1,095 2,337 37 | 100 100 100 100 
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The value of the crop per acre and weight per bushel for the differ- 
ent fertilizers applied, are shown in the following table 


TABLE 17. 


Average Yearly Value of Oats Per Acre. 


ie 

Q 

4 

: i 

Form of Phosphoric Acid 5 | is 3 

Applied in Connection Form in which the | E 5 é 2 

with Nitrogen and Phosphoric Acid ei a 8 

Potash. | Was Applied. 3 o g roy 

~ 

s 2 Bobs heal eee 

& 3 3 ° g 

A | > > B B 

1 | 
ie : De Sie oe ht S SOR ee | 

C &I | Insoluble phosphoric acid, ...| Ground bone, ........ $18 27 $3 19 $21 46 39 54 
D & J | Insoluble phosphoric acid, ...| South Carolina rock, 17 85 3 12 20 97 38 66 
B & H| Reverted phosphoric acid, ...| Bone black and lime, | 17 42 2 65 20 07 39 47 
Pec Kalle N Om HOSP HOLICHACIOE ve eicie\ois elelerel| ose syerd. clereisiciis isin eimieiwicleir se sle.0's | 16 85 2 43 19 28 | 38 66 
A&G} Soluble phosphoric acid, ....| Bone black, .......... 16 19 2 67 18 86 | 39 00 
IE Gece Ueaia EIN O LOLLY Mitarn, stat ereratofolat as iele\ oi sie ere" ecels | hota ofoceYr/slelstera\olals(aiercio’a(ajaiielsicis | 14 36 2.19 16 55 | 37 16 
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The conclusions, as set forth in the discussion of the above results, 
in the report, are as follows 


CONCLUSIONS FROM THE PENNSYLVANIA STATION EXPERIMENTS. 


1. That soluble phosphoric acid is too expensive to be used by 
farmers having a limestone soil similar to the one on which this 
experiment was made, since fully as good results can be secured by 
the use of the much cheaper insoluble form. 

2. That insoluble phosphoric acid in the form of ground bone 
is slightly superior to that in the form of South Carolina rock. 

3. That corn is benefited more by the application of phosphoric 
acid than wheat, oats or grass (2-3 clover, 1-3 timothy). 


EXPERIMENTS AT THE MARYLAND STATION. 


These experiments were planned on a more extensive scale than 
those in Pennsylvania and were conducted with special reference 


-to the making a study of the availability of the different sources 


of insoluble phosphates. The detailed report upon these experi- 
ments was made in Bulletin No. 68, of the Maryland Agricultural 
Experiment Station, published in September, 1900. The following 
gives a summary as to the plan of the experiments and. results: 


PLAN OF THE EXPERIMENTS CONDUCTED. 

The general plan of the experiments conducted in the testing of the 
availability of different forms of phosphoric acid and means for 
rendering insoluble phosphates available in the soil. The idea in 
mind was to make these tests much more than a soil test of this 
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particular farm, but they were so planned and conducted as to make 
ihe results applicable to most parts of this State, and of general 
interest to agriculture wherever commercial fertilizers are used. 

The general idea that pervaded the plan was to imitate nature and 
get the land as nearly as possible in the same condition it was when 
a virgin soil and then continue to use nature’s methods for main- 
taining fertility. 

It is well known from chemical analysis of soils that they contain 
sufficient phosphoric acid to furnish all that is needed for good 
crops for many years. It has also been shown that some soils 
which fail to produce satisfactory crops contain more phosphoric 
acid than those that are considered fertile. Now, this difference 
in fertility must be due to a condition of availability. 

An examination of the conditions which prevailed in virgin soils, 
or in any soil that has just been cleared of its forest growth, soon 
makes prominent the fact that nature has filled that soil with or- 
ganic matter; this organic matter not only gives the soil a dark color 
and fine physical appearance, but it also performs functions in pro- 
ducing chemical changes that cannot take place in that same soil 
were it destitute of organic matter. Again, we find that a virgin 
soil will produce satisfactory crops for a number of years without 
the intervention of commercial fertilizers, but about as soon as the 
organic matter has been worked out, the soil fails to produce satis- 
factory crops and the use of phosphates is resorted to. 

Now, the phosphoric acid which these soils contained was not in 
a form soluble in water, nor was it in the form of reverted or di- 
calcium phosphates, but it was an insoluble phosphate of lime, 
magnesia, iron or alumina. Though termed insoluble, yet this phos- 
phoric acid was available to crops, through the chemical changes 
made possible by the presence of organic matter and the com- 
pounds formed through its decomposition. It was the water charged 
with carbonic, humic and other organic acids, formed by the de- 
composition of vegetable matter, that was able to dissolve the in- 
soluble phosphates of the virgin soils and place them either directly 
at the disposal of crops, or from such combinations as could be 
be utilized thereafter. 

As soon as the organic matter of the soil was used up, these favor- 
able conditions no longer obtained, and crops could not avail of the 
natural properties of the soil even though there was an abundance 
present. Now, if nature’s methods are observed again, it will be 
noticed that wherever she is producing vegetation she has devised 
means for depositing some vegetable matter in the soil in about 
the same proportion as she produces. 

Taking all these facts into consideration would it not seem reason- 
able that, in order to avail properly of the phosphates contained 
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naturally in the soil, that it would be necessary to imitate nature's 
methods and fill the soil with organic matter. Then, again, could 
not the phosphoric acid contained in the mineral phosphates be 
rendered available in the soil through the agency of organic matter 
if these phosphates were applied in their natural state, except 
being pulverized? If these questions be answered in the affirmative, 
and the farmer can arrive at an economical and satisfactory method 
of providing the requisite amount of organic matter in the soil, 
then it will be possible to avail of the phosphates already in the 
soil, and thus, on some lands, make it unnecessary to purchase 
phosphoric acid. When recourse to purchase becomes necessary, 
then a cheaper form of phosphoric acid can be used and do away with 
paying out so much money for dissolved or acid treated phosphates, 
which, in the end, is practically a means of accomplishing or arriv- 
ing at a mechanical condition. 

These are the ideas that call for the planning and management of 
the experiments outlined in the following program: 

TABLE 18. 


Phosphoric Acid Experiments. 
(Plots One-Tenth of an Acre Each.) 


| 
4 |} 
a F 
eM 
§ a z 
a Kind of Fertilizer and Treatment. 
5 s > 
ca | ee) ~ 
B o yi or 
ro on S13) 
Ay ie) Co 
| 
CRIMSON CLOVER SEEDED IN CORN. | 
TP poublessuper-phosphatess (Soluble= Pat O's) 5% < sic «cists s'sislate,o/elctejeicisisiele cietslocsisionseie's}| Sora 319 
Depissolveds bane! black, (Soluble. Pus \Og)s vases sccisc oc sisieinerors wars anaes ee « wietereiec aise | 73% | 735 
S|. Dissolved Seuth Carolina rock. (Soluble’ Po, O's); sujec cites icie.cctcsslcieisisisie vivis'eies | 100 | 1,000 
AED oublessuper-phosphates (Es (Ona ssacsecncasamseeeccneemetice: deen cinaanee: 37 370 
Bal OC EUIN) ge rcte re vetelale renal fats cicieie\sle cite e’olcleteic oie) ctefafevereveisetelo aleve iesa(arel ote vero\s orele\svele sielece sra’eie iere/a[s]eietore))'© einie (els etercleleye [isieleteieteleleievs 
6 sInon alumina phosphates(Reverted Ba iO yy eecccicicicicicie-olele\sicic/slesielercteis/aleleveisie ine’ 37 370 
Vai BOne Dla cle CINSOMMDILE 2eq2 G's ie. cssefeieie eysiets tale ci sinistsistotelpieicieieus ote ere sisiese sie s)oleiece(siejele site | 6114 | 514 
Sileevaw, DONeemMeal sCInsolublem Poy Og) eee csc: seielaiersisiareic sive! es eve] ele eersieieie(sicicieivieisisieicieveieie 66% 667 
Hipslaraphosphatem(Msolubles bs, Os). cimicicc ciscissisielews cleiste oreisiels sieve vielsls wfsisicieio cvevstole | 92 | 926 
HOM IPINO LENIN ameerctarevertevers clcveversieteicieserelele!<vsleicrelere sleseleieisieleieieie e\e\eyayeletaie{cTete[eletelele sielelsieleleisisisisieisierevelee |osecescceres [tee eeeeees 
110 (Ground: South Carolina rock (insoluble Bia! O's) yo siretecciccloeee s vieieiele ies viele sieivie | 53 560 
12uemloridarsoLt phosphate Cinsoluble: Ps, Os) So yareserere ccaceiai=/elsfeleielalsieivleieielcieisicieicisiele e/aie;| 56 560 
CORN GROUND LEFT BARE DURING WINTER, NO GREEN 
CROP TURNED UNDER. | 
APU RSAIIO WAS NOs, Go- ccatelateteteralossie atatnvs eisvelo.ereve’cie.s,sts/e.e:eieie/ais’s 0/sisierelaayWta tetas rataislefo, oolorsieseiet sisi e]stete 66% | 667 
TA | SAME AS NO, 9, on. cisesscncccescccvcscnscescecceccciseeisessinesiecerccsiiscesisecicese sci 92. | 920 
LEH | INO LIEN mera rareteisteveleicveseioleisiicyeretclaafe/e(e] s\oye,rele[oysve(eloleloiciate otsievole/elolalelelerelolesajalerelsllele(cveeletalaiersiee ladausddadtoal o6saqcccccc 
GM SATO ASIPIN Osgelil ne rayetcte clore,sreta/alpiajorer arate’ stelerara slejetetatsia’alsiere)eiete'elctslelovetern’slotclstarelstese srai-icratereisiere 33 530 
ah SS TING MASON Ome os alcteverstercferelcletaseis\s(ofersicl-Je,c/ecsialsietelere|oisiatelete™slefereloctevalsieie/sisvols elcieicleteleleielevers/oleis | 56 560 
| 
RYE SEEDED ON CORN GROUND. 
RM SAIN CHAS WIN Os Ormssterainieleleleforcieloisioieicsetele cists siovalcrereleiovelelsieieie iets oiele'eievelsialeye etelalsieleietelsieccie?elersicte 66% 667 
PON SALINE ASIN O a9 O Stet farsiclatolaiclereietoteleleias ais (cilele(els nisiefelolole/elelsis sieleie eisicleleisieinicielsielslelajelaiete eteleieieisis 92 920 
SUMING UETITI Sn araraieteroiatelolorofelatcieletcieiaie eicletinietcrstersisietetstaiuelevelerstereiotere ate cferelataisletorelarcie siete iste otcieielatetsialciell ofeleieletateteicicis cl lersictereteiersiors 
IMB SRINE PAS PIN O Maal) Uercrainietoraterslotersrefovetereistare ov otetnia/areicTelove earn aie letatcja cla a sietefoisierevelerelersielaisiele erie since 58 530 
ZAM ME SELRYI@ WEA RIN Oa rotiniolaroteieleislorelelslatateraieieicrerereivictoreieirielerelovstesetetelolelets aVolsiadalates]sists eie]eieisrete\eiersisie(are 56 560 


*These quantities give each plot the same quantity of phosphoric acid (150 pounds per acre, 
which was determined by analyzing the materials used). 
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The piece of land used for these experiments lies north of the 
Experiment Station buildings and along the fence west of the pike. 
This land is a moderately stiff clay, naturally quite well drained, 
though fairly level. The general character of the plots runs quite 
uniform, in fact more so than most pieces of like area in this 
formation. This land is of water formation and contains iron and 
alumina and is very deficient in lime. 

The history of the cropping of the land used for this test was, so 
far as known, as follows: In 1888 there was a poor stand of grass 
and weeds on this land, which was plowed down and seeded to 
wheat, which was harvested in 1889; grass 1890-91; corn 1892; fal- 
lowed 1893, and in wheat i894—cisver and timothy seeded in wheat 
and gave a good set. 
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DISCUSSION OF MARYLAND STATION RESULTS. 


The matter of drawing conclusions from results obtained from 
plot experiments is always attended with more or less uncertainty, 
as soil and weather variations will often bring about what may seem 
to be contradictions. There are, also, often uncontrollable and 
unnoticed errors produced by the depredations of birds, mice, in- 
sects, etc. While these may be very small in themselves, yet when 
the error is multiplied to represent yields per acre, it may amount 
to considerable. In order to obviate some of these difficulties, 
there has been no report made on the experiments under discussion 
until they have been through five years, and covered several kinds 
of crops. Even a longer period than this would be desirable, as 
it would probably serve to confirm some conclusions and to eliminate 
some doubtful points. These tests will be continued for some years. 

The quantities of phosphoric acid applied in these tests are rather 
more than was necessary and more than would be found economical 
in practice, but it was thought best in planning the experiments 
to have an excess present and so endeavor to make the results more 
pronounced, than to attempt to run on the basis of greatest profit. 
It was the principles of phosphoric acid fertilization that were de- 
sired to be established rather than the limits of the soil require- 
ments. 

Nothing Plots (Nos. 5, 10, 15, 20). An examination of Table 19, 
page 62, shows that the average total product from the plots re- 
ceiving no fertilizer was considerably below the average yields of 
all the plots which were fertilized. With some crops there was 
little increase in the yield through fertilization, and in a few in- 
stances the nothing plots made a slightly higher yield than those 
fertilized. This is notably the case with corn. The unfertilized 
plots of corn made a better average yield than those receiving the 
soluble phosphoric acid with rye turned under. The failure of the 
phosphoric acid plots to outyield the nothing plots was probably due, 
in a measure, to the phosphate being very available to the plant, 
over-stimulated it in the start, and this produced in the plant a 
condition which made it not so able to withstand the period of 
drought later in the season and at a time when the grain was form- 
ing and there was greatest call for food and activity. This is borne 
out in a measure by a comparison of the detailed yields as given in 
Table 19, with the rainfall for that period. There is also a proba- 
bility that the soluble phosphorie acid, when it entered the soil, 
was precipitated and formed unions which were not available to the 
crops, but this condition would not likely produce a decrease in the 
yields. A!! of the fertilized plots made very decidedly larger yields 
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of wheat than the nothing plots, which would seem to show that the 
feeding habit of wheat is very different from corn and that it par- 
ticularly benefitted by the addition of phosphoric acid. 

Soluble Phosphoric Ac/d (Nos 1, 2, 3). The figures in Table 19 show 
that all the other forms of phosphoric acid gave higher total yields 
in five years than the soluble phosphoric acid, except on the plots 
where rye was turned under. The slightly higher total yield in the 
case of the rye turned under is accounted for in the corn crops, and 
is probably due to the rye decomposing slowly and causing the 
soil to dry out easily, have a poor physical condition and thus suffer 
from drought. Soluble phosphoric acid seems to be particularly 
beneficial to wheat where it gave the highest average yield. The 
probable failure of soluble phosphoric acid to give good yields on 
corn has been discussed under the nothing plots. 

A comparison of the different sources of soluble phosphoric acid 
shows the total yield to stand in favor of the most concentrated 
fertilizer, cr in the order of the plot Nos, 1, 2, 3. The wheat yield 
was in favor of the dissolved bone black, and hay was best on the 
dissolved South Carolina rock plots. This was probably due to 
the action of the sulphate of lime in the dissolved goods, liberating 
and forming available combinations with the potash in the soil. 

Reverted Phosphoric Acid (Nos. 4 and 6). Reverted phosphoric 
acid gave better total yields for the five crops and better average 
yields in corn and hay, than soluble phosphoric acid, though not 
quite so large a yield of wheat. This would seem to confirm the 
popular idea that reverted phosphoric acid has as great an agri- 
cultural value as soluble phosphoric acid. A comparison of reverted 
phosphate of lime and reverted phosphate of iron and alumina show 
in every instance with every crop to be in favor of the reverted phos- 
phate of iron and alumina. 

Insoluble Phosphoric Acid (Nos. 7, 8, 9, 11, 12, 13, 14, 16, 17, 18, 19, 
21 and 22). An examination of Table 19 shows the average yield 
of five insoluble phosphoric acid plots (Nos. 7, 8, 9, 11 and 12) to 
have produced considerably more grain than either the soluble or 
reverted forms of phosphoric acid ,but the amount of fodder was 
slightly in favor of both the latter. The total product (grain plus 
the fodder) was more on the insoluble than on the soluble phosphorie 
acid plots, and within forty-two pounds as much as the reverted phos- 
phoric acid. The value of these results is still further advanced 
when it is considered that the price of the insoluble phosphoric acid 
was only about one-half as much as that obtained in the soluble and 
reverted forms. The above comparisons include only Plots 1 to 12, 
as these were treated uniformly with respect to turning under crim- 
son clover, green, 
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A comparison of the different sources of insoluble phosphoric acid 
as given by the figures in Table 19, page 62, shows slag phosphate 
to have produced the larger total yield (also a larger yield of both 
grain and fodder) than either soluble or reverted phosphoric acid. 
Bone meal produced a little more grain than any other form of in- 
soluble phosphoric acid, but the cost per pound of plant food was 
about 50 per cent. more than that in the slag and three times as 
much as that in the South Carolina rock and Florida phosphates. 
The insoluble phosphate of lime, as furnished by the South Caro- 
lina rock, gave better results than the insoluble phosphate of iron 
and alumina as furnished by the Florida soft phosphate. 


GREEN CROPS FOR TURNING UNDER WITH INSOLUBLE PHOSPHATES. 

In order to test the value of green crops, or vegetable matter, 
for rendering insoluble phosphates available, four plots had crimson 
clover seeded in corn for turning under; four plots had rye in the 
same manner, while four others had no green crop turned under and 
were allowed to remain bare during the winter. These plots showed 
the average results to be considerably in favor of the crimson clover 
for this purpose. Part of the advantage of the clover no doubt ex- 
isted in the nitrogen which it furnished and also in the available 
plant food which it brought from the sub-soil. The clover decom- 
poses rapidly and aids the physical condition of the soil. The rye 
used seems to have been a disadvantage and did not give as good 
yields as when no green crop was used. This was particularly the 
case with the corn crop. The disadvantage rested, probably, in the 
rye decomposing slowly and thus producing a bad physical state at 
times and making the corn crop suffer from dry weather. 

There is one fact worthy of note, though not directly concerning 
the experiment under discussion, and that is that by turning under 
a large amount of leguminous crop like crimson clover, corn can 
be successfully grown for a number of years in succession with in- 
creasing yields, 


CONCLUSIONS FROM THE MARYLAND STATION EXPERIMENTS. 


In the matter of drawing conclusions it is always well to be 
cautious and to err, if at all, on the side of conservatism. This 
policy is particularly well adapted with reference to the applica- 
tion of the results which have been obtained in the experiments 
under consideration and in using the conclusions that may be 
drawn. 

There is no doubt that the results, as shown by the total product 
of the crops for five years (last column, Table 19, page 62), are, at 
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variance with the principles commonly taught and practice gener- 
ally followed in the matter of fertilization. With these considera- 
tions it would be well for those persons who desire to apply these 
results or use any different source or form of phosphoric acid from 
that which has been successfully and satisfactorily used in the 
past, to do so on a limited scale in order to be satisfied that these 
results will hold under the new and different conditions which 
may surround each particular case. 

The average total results, as given by the figures in Table 19, page 
62, show that insoluble phosphoric acid, that is phosphates which 
have not been treated or dissolved in sulphuric acid (oil of vitriol), 
have more pounds of crop, both straw and marketable grain, than 
the phosphoric acid in the soluble and reverted forms; that is, in 
phosphates which have been dissolved in sulphuric acid. Not only 
has the yield produced by the insoluble phosphoric acid been greater 
than that produced by the soluble phosphoric acid, but the cost 
has been only about one-half as much. 

The results obtained show that crops are able to use the insoluble 
phosphoric of South Carolina rock, notwithstanding the preaching 
and contention of most fertilizing manufacturers. 

The results show that slag phosphate (which is mosily a tetra- 
phosphate of lime, classed by some as available to crops, yet classed 
by the American Official Methods of Analysis as mostly insoluble 
phosphoric acid), gives a greater total yield than any of the other 
insoluble phosphates. The yield of corn (grain), though not quite 
as much with slag phosphate as with bone meal, yet was greater 
with wheat and grass. All yields were produced at a less cost with 
slag phosphates than with bone meal. 

Bone meal was the best form of insoluble phosphate for corn, 
but its accumulative and supposed lasting effects did not:show on 
the wheat and grass. Bone meal has also had an advantage over the 
other phosphates in furnishing some nitrogen. 

The results obtained show crimson clover to be the best crop to 
use for obtaining organic matter in the soil in order to procure the 
best results with the insoluble phosphates, 


SUMMARY OF PRINCIPAL RESULTS OBTAINED FROM THE MARYLAND 
STATION EXPERIMENTS. 


1. All forms of phosphoric acid produced an increase of crop. 

2. The average total yield of the crops fertilized with insoluble 
phosphoric acid was greater than those with the soluble and re- 
verted forms of phosphoric acid. 
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3. Reverted phosphoric acid gave a greater total yield than soluble 
phosphoric acid. 

4. Reverted phosphate of iron and alumina gave a higher yield 
than reverted phosphate of lime. 

5. Soluble phosphoric acid gave slightly higher yields of wheat 
(grain) than phosphoric acid in any other form. 

6. Concentrated sources of soluble phosphoric acid gave better 
results than the low grade sources. 

7. Untreated South Carolina rock gave a higher total yield than 
dissolved South Carolina rock. 

8. Slag phosphate produced a greater total yield and at less cost 
than the average of the soluble phosphoric plots and the bone meal 
plots. 

9. Insoluble phosphoric acid from slag, produced a greater yield 
than the insoluble phosphoric acid from South Carolina rock and 
Florida soft phosphate, but at greater cost than the two latter. 

10. For the best results with insoluble phosphates, it is desirable 
to have the land well filled with organic matter. Of the methods 
tested, crimson clover was ‘the best means of obtaining this. 


EXPERIMENTS OF THE OHIO STATION. 


Tests have been conducted by the Ohio Agricultural Experiment 
Station upon the value of different sources of phosphoric acid, at 
three points in the State, viz: at Wooster, Strongsville and Coium- 
bus. The materials used in this test were raw bone meal, dissolved 
bone black, acid phosphate and basic slag phosphate. 

The materials were applied so as to give each plot of ground the 
same number of pounds of phosphoric acid. The plots also received 
applications of nitrogen and potash. The quantities were the same 
for each plot. 

The crops used in the test were corn, oats, wheat and hay, grown 
in a five and three-year rotation. 

The results, as obtained so far, are summarized in Bulletin No. 110, 
pages 65-67, of the Ohio Experiment Station. The following are 
the summary tables: 
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TABLE 20. 
Value of Average Increase From Different Sources of Phosphoric Acid. 


Carriers of Phosphoric Acid. 


Acid Raw Dissolved Basicinis 
; phosphate. | bone meal. | bone black. & 
| | 
Crops. Culture. 3 A 4 r=] | sy 
& - _ _ tm 
2 3 ciel zr) 3 
i= 1 
° © o o © 
5 e i. = = 
3 3 os cs 
3 > > > > 
5 & g & | & 2 & & 
2 gs a a aa dy ah es ad 
£ pt al Weare of | & o2 A} o 2 ri 
5 0: F] G4 > oOo }] @ > 9 a > oOo 3 
7; ch HON Pn oo octet] < me |< & 
! 
| | | | 
Corns s: siss< 5-year rotations, ........ 9] $3 23 | $| $2 30 4) $335 | 2] $3 36 1 
Oatsyccacscicc 5-year rotations, ........ 10 377 2h 37k 3 4 37 | 1 3 71 3 
Wheat,..... Both rotations, 2... 17 8 24 4 871: P3 | 8 68 | 3 9 37 1 
Hay,........| Both rotations, .......... ) 129) 4) 19) 8 | L902, See enrO 1 
| | 


By consolidating the values given in the above table and regarding 
it as representing the probable outcome of an average rotation in 
which the four crops have followed each other as in the actual ro- 
tation, then the value of the total increase per acre due to the various 
sources of phosphoric acid, when supplemented with uniform 
amounts of nitrogen and potash, will be represented by the follow- 
ing figures: 


| Per Acre. 
VB ILOvOtAINCrease from: DASICTE] AR eis cais.ciaicioia aici sie: cievararclarere(e cers oteTeCelaysiol ls etewisislolelelelctolels elclere sielscisietele $19 14 
Valuerot increasesfrom’ dissolved bone) blacks)! sc cic okie os'sie «to .01018 ols ea}s aisles isiossiciateins cisieieieiscisie's 18 32 
Value of increase from raw bone meal, ..... Ba Sercieiniavcrsiolale ieis tie niciciote oisletewie ciscieisle(eletcietsic clei wciniers 16 63 
Valuevoftiincrease, from acid PROsphate icc cascsisieis cicieieisleios cioereisles ine e/asivies sie. eisibe.s eleleis eisisieiae 16 53 


Taking basic slag phosphate as 100, we find the following as the 
proportionate values of these materials as sources of phosphoric 
acid: 


basicuslae phosphate Merher ae od oa nye oe 100 
Dissolved: bone slackers = otxeiels oy oive GE Atore 90 
Reawabone! meals er ves ces se seis 6 siete o.ceerea.s ees 87 
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While these results are very close together in some cases, and more 
work will be necessary to determine their relative value, yet there 
seems to be no doubt that most crops have ability to utilize phos- 
phoric acid that is insoluble in water to a larger extent than is 
commonly recognized. 
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The Maine Experiment Station has studied the availability of dif- 
ferent sources of phosphates from two standpoints. 1st. The rela- 
tive producing capacity of different forms of phosphoric acid in 
growing the crops commonly used in the rotation in use in that 
section, and 2d. Testing the relative ability of different classes of 
crops to use different kinds of phosphates. 

The experiments conducted under the first head have had the 
results reported from 1886 to 1891. Since that time no results have 
been given in any of the Station publications. The summary of the 
results of the test are given in the Station Annual Report for 1891, 
page 129, from which the following table is copied: 


TABLE 21. 


Yield per Acre of Plots Fertilized with Different Forms of Phosphoric Acid, To- 
gether With Those of Plots Receiving no Phosphate. 


= — = —-— —— -~ —-- a 


Lo) ] 
ei oe ean (> i — Ge} Ao 0 be 
= go —~—= @o oc 2e 2B 
fon hee e eee eae 8 
= 3 E aes . 
ok 32s ao2annd BSS ag 
era aie} ASaad Oaas arcs 
Teae |S oe | Seee | Seal, we 
Ss F oO =~ 
ieee PS vies ie) i ea | Sera es 
Oo , SoS QT cd) i} 2 BE) Eco = & Ss 
aGem S=g Oieces a7 > 
- wo Gr) “=P, x ig o 
i) £ & an 3S ow a) 2 
at ao eo 
Dias S ics oc & Saga owe LY 
liar Sats cases 1S Awe De 
oO fSoel°R |/ae ag i oes ls Es 
wu eo 7 BLS ft es Cee cin oo onl 
5 Ow | 3 Og Bo hie ik $3) (Se SE 
Ss Paces Le ot SPACES ooo “ 
a PEeel/hos, |hb22qa] sea os 
f Peso ee Selle se |) cae tens 
° 2eak|Saeanal&s2a 35a a Sa 
AZ Q fx fy =} n 
| 
Yield per | Yield per | Yield per | Yield per | Yield per | Yield per 
acre—Bu. | acre—Bu. | acre—Bu. | acre—Bu. | acre—Bu. | acre—Bu. 


COPED EES" noaacadooodcacussdo0c5en 65.7 82.9 76.2 72.2 64.5 73.9 
QatsAe ISS ia eile c/cisiciereiseicieicinicieieieelersrs 26.7 38.7 81.9 35.5 35.1 34.7 
ELA Vas S88 sal S eteisteletalisicia sisieie clelerste’s 2,566 2,434 2,800 2,566 2,234 4,010 
EDS GWAR SS OS satere ete retala/oicievoielalefstsiac) cielo | scleicieielercieteistal| (evetsteteleicialersiecal| eiarereteversiateleiciel| ‘sine/efe/eiele\eleictall eleleleisisteletaisicle | Kevsleleisloretctetemts 
Cas el OO0 Ee rialdeeisiscisicleisisiereteictsiseleicie’s 1253 15.0 15.7 14.3 12.7 22.7 
ODES HMSO me ieicieiaie sicleloicteinctereenteisiciece's 38.9 44.9 45.9 38.7 43.2 51.4 
Total crop in 6 years: 

BES Sates ojoteicielesose/nvelersietnielelelaicieleclece 121.3 166.5 154.0 146.4 142.8 160.0 

TEV U mL SS ot a fersieleinieisisteseievcleieieiesice 2,566 2,434 2,800 2,566 2,234 4,01¢@ 

SYA | GudgonndasoncsnonuOsABasus 12.3 15.0 15.7 14.3 12.7 22.E 


From this table it will be seen that the dissolved bone black 
gave the largest total yield of oats, the second largest yield of 
peas and the smallest yield of hay. Fine ground bone gave the 
largest yield of hay and peas and stood second in the yield of 
oats. The ground South Carolina rock stood second in hay and 
third in oats and peas. 

It would appear from the yield of the stable manure plot that the 
land used was deficient in organic matter, which would acceunt fot 
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the falling off in the yield of the commercial manures and their 
lack of organic matter would probable be accountable for the in- 
soluble phosphoric acid of the South Carolina rock falling behind. 
At least, the experiments reported on previous pages by other sta- 
tions would indicate this fact. 


EXPERIMENTS BY THE MASSACHUSETTS STATION. 


The Massachusetts Experiment Station has conducted two classes 
of experiments with different forms and sources of phosphates. In 
the first test the phosphates were applied on the basis of equal money 
value and in the second test so as to have the same number of pounds 
of actual phosphoric acid per acre. 

The first series of experiments were commenced in 1890 on a soil 
which was well exhausted of available fertility. Previous to 1887 
the land had been in meadow for a number of years. This meadow 
was well worn out and yielded but little. From 1887 to 1890 the land 
was cropped in corn, Hungarian grass, cow peas, vetch and serra- 
della, receiving no manure or fertilizer of any kind. The soil was 2 
fair sandy loam. The following table gives the quality and analysis 
of the phosphates used: 


TABLE 22. 


Showing Schedule of Fertilizers Used in the Experiments Conducted by the 
Massachusetts Station. 


: 
* 
a $ 
3} 
3 3 
. ~ . 
u ° Ly 
3 Kind of Phosphate. ie 9 
£ 8 os} >, 
= a) aa 
S ou 3 
2 Le a 
< om =} 
Ay Ay Cc 
_ - - 
TOMMNIOB DHOSDD ACE sae iclatcte’oicrelcte ec! starstoistsloioyctelsicictersieictolclsieisiaterelaveiclete/aisjeleteleisiere(sletalolavote este ele etereieie’|| starsistetetetarciel | eletetoleisietsteta 
1 | Slag phosphate, ........ Sa orsistetciateleters orsietelele ahsicteie cieseisistelal siete rnceters ele eielatalalele/avole(elsietove‘ere 19.0 889 
2b NEON tls Ca 211 AN1 Ole tleyeloyelsialeleleteletelelelslsteteteiciele crsialele,oicieisiciereloletele ereleisie/ele'sietelereietetevarele stoss 21.9 896 
Sib Onl OamSOLtMDNOSDIMACE seus saleielareiaiolclcleletarcicloteiciciels\sicterelele/sleveisiciciele:cisieicicielelele(etels\elelaleroisiers 21.7 903 
As ESouthm Carol inae PNOSDUALC wiererecislelelers cictetelors cisiate'a clerelelere aie’ ejeveleiev%e!e(s/alelnjeisielaisisieielele eves 27.6 917 
ABD ISBOLV.EO DONE DLAC Kia cteretsteleletelataiciois cretcisisisicrsisie’s'e\cicte reve coleleleisicletelelelolsis etevets/are everetstersieres® 15.8 546 


*The quantity varied from year to year with the market value. 
+The no-phosphate plot was not used at the beginning of the experiment, but added in 1895. 
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In addition to the phosphates each plot received an application of 
about 300 pounds of nitrate of soda, 400 pounds potash magnesia 
sulphate per acre. These quantities were continued until 1893 and 
since that time have been made very much larger though uniform for 
all the plots. 

The applications of phosphates were continued annually until 1893 
and since that time none have been used. The object of withholding 
phosphate was to test their lasting effects. Subtracting the amount 
of phosphoric acid removed by the crops harvested from that applied, 
there shou!d have remained in the soil at the end of 1901, about the 
following quantities of phosphoric acid per acre: 


TABLE 23. 


Showing Quantity of Phosphoric Acid Remaining in the Soil at the End of 
Ten Years Cropping. 


- 


a 
be 
13) 
e 3 
2 Kind of Phosphate. ke 
g A 
3 
: 
S 5 
Ay iH 
HE SLAL PR OSPNACE wir. ctelsroro.sieistetaloterslelerwioyeieleleisielejoloroisvo el siereraTezeloreleretevefetotelsrovelcictere)sverelareeloielersieleleiciersisiats 875 
SGT ON A LSLAN GPE UAT Os ererere.c.cicisieiclalerelaisletelalerereil’e o/elo/s\siaveloictolercYolelerelsYelaietelveraialerlsisiebeisy sfelevelsteielaralsveretetars 208 
SoM OriG ay PROSPHACCS, Ferrers cpererere a cc/orese c'e-ere wie crciole 6 wine e oisrejeletoserejelejeraieiejeistoreve oye ove te/aleistaictereveierelelelere sic 927 
An South: Carolina PHOSPMALE sc ercicicrelerererevaielasale/niclefeferevatels vinteterclo!¥ioisre eisiareleietonele ie minterclersletelavetelelereteiete 714 
Ba PDISSOLVECs DONE! DIG CH 2 xtc crete iaieiele ears lowe cre eterclaleiora’eleterors sleleleleievere aicielele eieisielaeietstareintejeioreioiateletetereictere 66 


The crops which have been raised on the plots in the order of their 
succession are potatoes, wheat, serradella, corn, barley, rye, soja 
Leans, Swedish turnips,* corn, oats and cabbage. 

Representing the yield of the plat giving the highest return by 
100, the relative efficiency of the phosphates at the beginning of 1902 
stood as follows: 


Percent. 
Slag phosphatesn. Goa... ceils os! oe dais eetes crs oie 100.0 
GroundgSouth Carolimaxrock. to... 2. on oe 92.3 
Dissolvedsbone Dlacka\.nyceeame me tee ee 90.7 
Monasisland. @uanos 4 cc \cccuAletesseies chore ete seers 88.3 


Floridamphosplhates c.f. <a cnsyases ici ted as et tte 71.5 


In 1898 these plots were all limed at the rate of one ton per acre of 
quick lime. The slag phosphates which contains considerable lime 


*Swedish turnips were a failure on account of disease and the results of this crop were not 
used in computing the relative yields. 
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had a relatively higher efficiency than the other phosphat«: before 
the application of the lime in 1898. 

Prof. H. P. Brooks in discussing the results obtained in these ex- 
periments remarks as follows: “Attention is called to the fact that 
the crops on these plots in recent years have not been satisfactory 
in amount even in the best plots. The fact that no phosphoric acid 
in any form has been applied during the last nine years sufficiently 
accounts for this relatively small yield. The results, however, indi- 
cate a relatively high degree of availability for the phosphoric acid 
contained in South Carolina rock and in phosphate slag. There can 
be no doubt that profitable crops of most kinds can be produced by 
the liberal use of these natural phosphates; and in a long series of 
years there would be a considerable money-saving in depending, at 
least in part, upon these rather than upon the higher-priced dissolved 
phosphates.” 


SECOND SERIES OF MASSACHUSETTS STATION. 


In the second set of tests of phosphates thc application has been 
made so as to give each plot the same quantity (96 Ibs. per acre), 
actual phosphoric acid. The plots so far have had annual applica- 
tions. In addition to the phosphoric acid, each plot has received, 
yearly, nitrogen at the rate of 52 lbs. per acre and potash at the rate 
of 152 pounds per acre. This test has been in progress four years 
and has been cropped as follows: Corn, cabbage, corn and in 1900, 
two crops harvested, oats, hay and Hungarian grass hay. 

The following are the kinds of phosphates used in this test: 


Plot No. Kinds of Phosphate. 

ee ie esheets its ack aharereln « No phosphate. 

BR etna ese POT abort Apatite. 

RSA cay cee eM EES ss iecnah Peso 208 se South Carolina rock. 

ich OY OR aOR See ees acs ee aE Florida soft phosphate. 
19%, os) OR ee cnt oar a ica actin OR Coane Slag phosphate. 

ON raietracrts ch a PRN, Mee Bias ccerd Tennessee rock. 

erect ek ene: Soo ee ane eee No phospkate. 

Pid Glee CRRA a Ree et eae ree Dissolved bone black. 
aR cus eee CRNA Ste Ae Pe Raw bone. 
HS Matec rre reisitede eden ech earsiesy ps, o.oo tau Dissolved bone black. 
ede vest eiccliar= efisfiay-aracs st rarehece-s =e Steamed bone meal. 
1 en re ee eee Dissolved phosphate rock. 


aes rete 4 cits foes, cc yeveh a tepaniee ts Seat No phosphate. 


$72 ANNUAL REPORT OF THE Off. Doc. 


No details of yields for each year have been reported, but the re- 
sults so far have been stated by Prof. Brooks as follows: 

1. The slag phosphate evidently furnishes phosphoric acid in an 
exceedingly available form, the yield being almost equal to dis- 
solved bone black. 

2. Florida soft phosphate is apparently a very inferior material, 
the phosphoric acid evidently becoming available only with great 
slowness. 

3. Steamed bone meal appears to be inferior in availability to raw 
bone meal. 


TESTING THE RELATIVE ABILITY OF DIFFERENT CROPS 
TO USE VARIOUS FORMS AND SOURCES OF PHOSPHATES. 


This is a subject which has been given considerable attention by 
the Maine and Cornell Experiment Stations. The study has been 
conducted both in the field and in pot experiments. 

These experiments, which have been made in the pots or boxes 
with sand and artificial soils, while instructive in showing the rela- 
tive ability of different plants to use various phosphates, yet they 
have been conducted under such abnormal conditions that the re- 
sults obtained can not be applied in regular field practice. Par- 
ticularly is this true in the use of the insoluble phosphates which 
have been found to be most available upon soils which contained 
considerable organic matter. 

The first test conducted by the Maine Station was made in the 
field on the farm of H. L. Leland, at East Sangerville, on a slaty 
gravel soil. The detailed results of this test are given in the Annual 
Report of that Station for 1891, page 142. Part of the growing 
season was very dry, which materially interfered with the yields ob- 
tained and no doubt to some extent with the results in general. 

The following table shows the crops and phosphates used in the 
test, with the results obtained: 
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TABLE 24. 


Showing Plants and Fertilizers Used and Results of the Same in Testing the 
Ability of Plants to use Different Phosphates. 


| 500 Lbs. Dissolved | 1,000 Lbs. South Caro- | 500 Ibs., Caribbean 
| BoneBlack and 100 | lina Rock and 100| ‘Sea Guano and 100 
Crop. | Lbs. Nitrate of Lbs. Nitrate of Seda | Lbs. Nitrate of 
Soda per Acre. per Acre. Soda per Aere. 
| 
PO 1—ClOV CD ie cecc!sielsisieisioie aI raisisteisicls cic ciesieisisteisiele | Best at close of season, | Very poor. 
PIOt, y2—Oats pa emcee ociciciw's Total crop, 115 Ibs., | Total crop, 80 lbs., ....| Total crop, 75 Ibs. 
Plotese-Peasaienstensseccies Total crop, 105 lbs., | Total crop, 110 lbs., .... Total crop, 51 lbs. 
Plot 4—Turnips, ......... Total crop, 351 lbs., | Total crop, 369 Ibs., ....| Failure. 
Plot 5—Wheat, .......... Total crop, 120 Ibs., | Total crop, 105 Ibs., ....| Total crap, 65 Ibs. 
Plot m6—Beansy shesececces Total crop, 63 lbs., | Total crop, 62 lbs., ....| Total crop, 54 Ibs. 
Plot 7—Potatoes, ........ 228 Ibs., | 210 base iasee 153 Ibs. 
TENG Cs Sos6époucnopuacdoese l\padmecbuaonacoorstonspodde |Weoarelore-siclayalsve ofe’aivie s\e\ssletevercrereratere! | leievsvereiniale sseselsislecojeterstetstsialelsrers 
PIOtEI—COLNs Micisjcccles seve MALIUre acts eins sicistersie's's eae SUES emesaopooonddanady Failure. 
Plot 10—Barley, .......... Total crop, 80 lbs., | Total crop, 75 lbs., ....| Total crop, 64 Ibs. 
Plot 1d—Clover, ......... ATT Ser storielelsisreletetatcieis aictets | Best at close of season, | Very poor. 
Plot 2d—Oats, .....cse00. Total crop, 111 lbs., | Total crop, 83 lbs., ....| Total crop, 70 lbs. 
Plot 3d—Peas, .......s... Total crop, 97 lbs., | ‘Total crop, 103 lbs., .... Total crop, 52 lbs. 
Plot 4d—Turnips, ........ Total crop, 340 lbs., | 261 lbs., ....| Failure. 
Plot 5d—Wheat, ......... Total crop, 119 lbs., | Total crop, 102 Ibs., ....| Total crop, 61 Ibs. 
Plot 6d—Beans, .......... Total crop, 66 Ilbs., | Total crop, 72 lbs., ....| Total crop, 43 lbs. 
Plot 7d—Potatoes, ....... 223 Ibs., PAB IU By cena 146 Ibs. 
POC SC Mercisiclelclaicicivin cieisieicieveis'| Micrel’: cisicieceietelsiclereislcleeisle'sieiele [eye Sleeve bleis/oveleie,s)ateieicie areve\sisisle s'eie.e)||'s elaie wie se/eielelsislejels)sisisiovelsiote sete 
Plot 9d—Corn, ....... Sees fe ELILUTE ars 'e'e/vicreiese.ers oiole eR UIUTe® os. cicis'siciereseieiectos ale Failure. 
Plot 10d—Barley, ..... eee| Total crop, TT lbs., | Total crop, 78 lbs., ress! Total crop, 62 lbs. 


An examination of the yields of the different crops shows that the 
dissolved bone black has given, with the majority of them, the 
lergest return and the Caribbean sea guano the least. 

With peas and turnips South Carolina rock seems to have been 
more effective than dissolved bone black. This point is brought 
out quite sharply. The fact that turnips respond to manuring, with 
some crude phosphate, has been noted by other experimenters. 

The results obtained in this experiment with South Carolina rock 
on peas agree very closely with the results obtained from all other 
experiments made by the Station covering this point. 

Box or pot experiments upon this subject have been in progress 
at the Maine Station for some years. This work was started by 
Prof. Walter Balantine and continued by him until his death; since 
that time the work has been continued by Prof. L. H. Merrill. The 
first report upon the subject was made in the annual report for 1893, 
and the last reported up to this time is in the report for 1898, page 64. 
The following description of the plan of the experiment and the 
results obtained are copied from the Fourteenth Annual Report of 
the Maine Station, pages 66 to 74: 


PHOSPHATES USED IN BOX EXPERIMENTS. 


In the experiments here recorded, three forms of phosphates were 
used. 
53 
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1. Acid Florida Rock.—This was prepared by treating a Florida 
phosphatic rock with sulphuric acid, thereby converting a large part 
of the phosphate into an available form. At the beginning of the 
first experiment this phosphate had the following composition: 20.60 
per cent. total phosphoric acid, of which 16.90 per cent. was avail- 
able (19.97 per cent. soluble, 1.98 per cent. citrate soluble). In the 
later work it was found that the composition had changed some- 
what, but the amount of available phosphate remained about the 
same. 

2. Crude, finely ground Florida rock (floats), containing 32.88 per 
cent, total phosphoric acid, none of which was soluble, with only 
2.46 per cent. soluble in ammonium citrate. This was obtained from 
the commercial ground rock by stirring it with water, allowing the 
coarse particles to subside and then pouring off the turbid water. 
The ‘floats’ used in this experiment consisted of the sediment de- 
posited from these washings. 

3. A phosphate of iron and alumina (Redonda). The first sample 
used contained 49.77 per cent. phosphoric acid, a large part of which, 
42.77 per cent. was soluble in ammonium citrate. The Redonda 
underwent such rapid changes in the intervals between the experi- 
ments that it became necessary to prepare fresh quantities at each 
successive planting. The analysis given above is fairly representa- 
tive of all. 

Twenty grains of the floats, containing 6.58 grains total phosphoric 
acid, were used for a single box. The other phosphates used were 
first analyzed and such quantities used for each box that the total 
quantity present was in each case the same, 6.58 grams. The actual 
amount of available phosphoric acid thus supplied to each box by the 
various phosphates were: By the acid rock, 5.39 grams; by the floats, 
49 grams; by the Redonda, 5.67 grams. 


DETAILS OF THE EXPERIMENT. 


The experiments were conducted in one of the green-houses, the 
plants being grown in wocden boxes, fourteen inches square and 
twelve inches deep. When filled to within one and one-half inches 
of the top, the boxes contained 120 pounds of sand. The sand used 
was taken from a knoll near the river, at a depth of three or four 
feet, and was nearly free from organic matter. Traces of phosphoric 
acid were present, but this was in the insoluble form, and the 
quantity in each box was the same, its presence is not considered ob- 
jectionable. The sand was carefully screened before being used, 
and thoroughly mixed with the phosphates and other plant foods. 

In each period twelve boxes were used for each kind of plant. 
In the first box the acid rock was used; in the second, the un. 
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treated Florida rock, or “floats;” in the third, the phosphate of 
iron and alumina, or Redonda; the fourth box received no phos- 
phate. The next four boxes were treated in the same manner and 
so on to the end. Thus, it will be seen that for each kind of plant 
there were three boxes which received exactly the same treatment 
In addition to the phosphates, each box received ten grams sodium 
nitrate, five grams potassium chloride and five grams magnesium 
sulphate. In the boxes where the Redonda was used, ten grams 
calcium‘sulphate were also added. It was intended to supply all 
the elements essential to the healthy development of the plants, 
except that every fourth box receivd no phosphate. All the other 
conditions were made as uniform as possible in order that the 
differences in growth might fairly be attributed to the differences in 
phosphates used. 


KINDS OF PLANTS GROWN. 


EKighteen species of plants were chosen, representing seven orders: 
Peas, horse beans, clover and alfalfa (Leguminosae); turnips, ruta- 
bagas, cauliflower and kohl-rabi (Crusiferae); barley, corn, oats and 
timothy (Graminae); tomatoes and potatoes (Solanaceae); carrots 
and parsnips (Umbelliferae); buckwheat (Polygonaceae); sunflowers 
(Compositae). 

It was intended to carry each plant through three periods of 
growth, but the clover, the common red species (T. pratense), could 
not be matured in the time required for the other plants, and but 
two crops were grown. The sunflower and buckwheat did not 
thrive under the conditions of the experiment, and after a single 
trial were replaced by carrots and parsnips, which were grown for 
the two following periods. The seed was carefully selected, that 
only being used which was well formed and of uniform size. Of the 
larger plants, four or five were grown to each box. The smaller 
plants were thinned so that the number to each box was uniform 
for that plant. Such leaves as ripened before the plants matured 
were removed, dried and added to the plants when harvested. No 
attempt was made at the pollination. As very few insects were 
present during the growth of the plants, the fruiting, as might 
have been expected, was very irregular. As soon as the plants 
seemed to have attained their maximum development, they were har- 
vested, dried, weighed and the total amount of dry matter determined 
for each crop grown. In the diagrams that follow the average pro- 
duction for a single period is shown, the heavy lines representing 
the relative weights of dry matter, and the last column the weights 
in grams. 
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Diagram Showing Relative Weights of Dry Matter of Plants Grown With Phos- 


Crops. 
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phoric Acid From Different Sources. 
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| Redonda, ..... —————__.- 94 
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| No phosphate, | | 86 
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No phosphate, 119 
Acid rock, ....|———_______ | 152 
Floats, ........|———-—————____ | 145 
Redonda, ...../———____ | 122 
No phosphate, |-—————- 64 
Acid rock, ....|——————___________. | 196 
MIOAtss seccwneie ———_- 167 
Redonda, ..... 107 
No phosphate, | 62 
Acid rock, ....|—-———__________- 232 
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No phosphate, |———_—_ 130 
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| | No phosphate, }|————_- 319 
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BIOats; Sane. 68 | 329 
Redonda, .....|/—————_____——__- 346 
No phosphate, | 353 
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Cauliflower, edible por- IOBCS Aestclaicteicce —— | 19 
tion. Redonda, ..... Deere Une ween Meeiey ao MWe Thy [ooo . 
No phosphates! | -+eee A 
| [Acid rock, ....| - | 158 
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Acid rock, .....——————________- ets 
Carrots, roots, ........... WEWIORts'. meant | | 109 
| | Redonda, ..... —S SSS 113 
| [No phosphate, |—————_—— 102 
| Acid rock, a ie | 196 
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*In the case of the oats and timothy the scale has been reduced one-half to accommodate the 


lines to the space allowed. The relative length of the lines for the same plant has been main- 
tained. 


S78 ANNUAL REPORT OF THE Off. Doc. 
RESULTS OF THE MAINE STATION EXPERIMENTS. 

In every case the acid rock gave the best returns. The gain was 
especially marked with the family Gramineae, three members of 
which, the barley, corn and oats, yielded nearly double the amount 
produced by either the floats or Redonda. The effect upon the sun- 
fiowers and buckwheat was especially marked, but if these plants 
could have been brought to ful] development it is probable the gain 
would have been less apparent. 

If we compare the amount of dry matter produced by the acid 
rock with that produced by the fioats for all the crops grown, we 
find the balance in favor of the acid rock to be 52 per cent. In 
other words, the effect of the available phosphoric acid, as com- 
pared with the insoluble phosphate, was to increase the product 
more than one-hali. 

In nearly every case the floats gave results second only to those 
obtained with the acid rock. With this phosphate the Cruciferae 
gave returns within ten per cent. of those obtained by the acid 
rock. This is not true of the edible portion of these planis, how- 
ever, for there the good eiiects of the acid rock were more marked. 

Of the three forms of phosphate used, the Redonda proved the least 
valuable, though supplying a larger amount of available phosphoric 
acid than the floats. In most cases, it showed itself inferior even 
to floats. The Germineae furnished an interesiing exception to 
this rule, yielding results with Redonda above those given by the 
floats. 

The smali yield from the boxes in which no phosphate was used 
is suilicient indication of the extreme poverty of the soil, and con- 
firms the belief that the amount of phosphoric acid thus supplied 
is not sufficiently large to seriously affect the experiment. 

Ti is interesting to nete that the plants of the same family show 
a remarkable agreement in their behavior towards the various phos- 
phates. The striking manner in which the Gramineae respond to 
the stimulus of the acid rock has already been alluded to. In no 
other case is the effect so marked. Another peculiarity of the 
members of this family is shown in their conduct toward the Re- 
donda. The relative value of this phosphate and floats is here the 
reverse of that shown by nearly all the other plants. The failure 
of the Cruciferae to respond to the acid rock furnishes a good illus- 
iration of a similar kind. The Umbelliferae, though responding to 
the acid rock, seem to derive no benefit from either the floats or 
Rendonda, since neither of the phesphates increase the yield above 
that obtained where no phosphates were used. This is true both 
of the whole plant and the roots. 
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The alfalfa shows a strange indifference to the precise form in 
which the phosphoric acid is supplied. The crop was light in every 
case, and the phosphoric acid already present in the barren soil used, 
seems to have sufficed for the slender product. 


STIMULATING EFFECT OF ACID PHOSPHATE IN THE EARLY STAGES 
OF GROWTH. 


A report of this work would be incomplete if it failed to take note 
of certain facts observed in the course of the experiment which can- 
not be shown in the diagram, where only the final results are given. 

Throughout the whole series of experiments the effect of the acid 
rock was marked, the plants receiving it in nearly every case at 
once taking the lead, and keeping it to the end. The horse-beans fur- 
nish a marked exception to this rule, the more nearly equal devel- 
opment being perhaps due to the large amount of nutriment stored in 
the seed. When this supply was exhausted, the phosphoric acid 
hunger manifested itself. 

In by far the larger number of cases, especially with the clover, 
timothy, turnips and rutabagas, the good effects of the acid rock 
were more marked during the first few weeks of growth than ata 
later stage, when the roots become more fully developed, and had 
begun to forage for themselves. This fact, also, is shown in the 
figures of the clover and timothy. It would appear that the young 
plants feed but little upon the insoluble phosphates, but that the 
organic acids present in the sap of the roots exert a solvent action 
upon the insoluble phosphates in the soil, gradually converting 
them into available forms. 

It will be noticed that in this work only the immediate effect of the 
phosphates has been taken into consideration, no mention having 
been made of the unused phosphoric acid remaining in the soil at 
the close of the experiment. In actual field work, the good effect 
of the ground rock would, of course, be far more lasting than that 
of the acid rock. 

box experiments were made at the New Hampshire Experiment 
Station in 1893, with winter rye, the phosphoric acid being sup- 
plied by roasted Redonda, ground bone and basic slag. The re- 
sult showed that the rye gave nearly as good returns with the 
roasted Redonda as with the other phosphates. The result con- 
firms the work here reported. It will be seen by reference to the 
diagram here given that the corn, barley, oats and timothy (plants 
closely related to rye) gave better results with the Redonda plios- 
phate than with the finely ground Florida rock. 
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SUMMARY OF THE MAINE STATION EXPERIMENTS. 

1. Plants differ in their ability to feed upon crude phosphates. 

2. Turnips, rutabagas, cauliflowers and kohl-rabi gave nearly as 
good returns with the Florida rock as with the acid rock. 

3. In every other case the good effect of the acid rock was very 
marked. 

4. In most cases the crude Florida rock yielded better returns 
than the Redonda. 

5. Barley, corn and oats seem to require an acid (soluble) phos- 
phate. 

6. When early maturity is desired, the acid rock can profitably be 
used, 

7. The largely increased production obtained by the use of the acid 
rock will often determine the success of the crop. 

8. The solubility of a phosphate in ammonium citrate is not always 
the correct measure of its actual value to the plant. 


TESTS MADE BY THE CORNELL UNIVERSITY EXPERIMENT STATION. 


In the winter of 1900-1901 some experiments were conducted at 
the Cornell Experiment Station upon the relative ability of various 
orders of plants to ut.lize different sources and forms of phos- 
phoric acid. These tests were conducted in a green-house and 
the plants grown in box pots. The soil in which the plants were 
grown was a white quartz sand prepared by grinding quartz rock. 
The soil or medium furnished practically no plant food, so that 
it was necessary to furnish an artificial supply of the essential 
plant foods. All conditions were made exactly similar except as to 
the kind of phosphoric acid supplied. The actual amount of phos- 
phoric acid supplied the different boxes was the same, but the 
sources were different. 

The following table gives the variety of plants used, the source of 
phosphoric acid supplied and the results obtained: 
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The results obtained by the tests of both the Maine and Cornell 
Kixperiment Stations are valuable in that they show the relative 
ability of plants of varicus kinds to feed upon the different forms 
of phosphoric acid. These results also show that upon soils which 
are deficient in organic matter it is decidedly best with most crops 
to use some phosphate furnishing soluble phosphoric acid. Never- 
theless, these results seem to point out that the insoluble phosphates 
might be used on quite barren soils to grow such crops as turnips 
or rape for soil renovation or green manure purposes. 

Again, these results, when considered in connection with the 
results of field experiments made upon soil which contained a fair 
amount of organic or vegetable matter, would seem to give addi- 
tional evidence as to the necessity of having lands full of organic 
matter in order to obtain good results from applications of insoluble 
phosphates. 


SOME FOREIGN EXPERIMENTS WITH PHOSPHATES. 


Numerous experiments have been made from time to time upon 
different phases of points effecting the availability of phosphates 
and forms of phosphoric acid. To give an abstract from all of these 
tests would not be possible in a work of this kind, yet it might be 
interesting to note briefly a few which have been repeated recently 
and which would seem to be closely related to the tests made in this 
country. 

Experiments on the relative value of different phosphates, by Dim- 
itry Prianischnihoff (Vol. 56 (1901), pp. 107-146, Landw. Versuchs- 
Stationen). 

This was also a test of the relative ability of various crops to 
use sparingly soluble phosphates. The tests were made by pot 
culture in sand. The following numbers indicate the relative 
amounts of phosphoric acid assimilated as shown by the results 
up to the time of making the report: 


$ : : 
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The summary makes the following statements: 
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Phosphorite should not be applied to light soils (probably not to 
any soil leng cultivated) for cereals, but only for buckwheat, mus- 
tard, lupens and peas. In the case of peat or muck land, however, 
and acid soils generally, phosphorite may be applied for any crop. 
An experiment on black soil is recorded in which, without manure, 
buckwheat gave more produce than wheat; the addition of phos- 
phorite and of sodium di-hydrogen phosphate greatly increased the 
yield of wheat but not of buckwheat. This is attributed to the 
ability of buckwheat to make use of sparingly soluble phosphoric 
acid. Experiments are also described upon the use of various am- 
monium salis in conjunction with the phosphates, and the results 
showed that they acted as solvents and made the phosphoric acid 
available. 


THE USE OF PHOSPORITE AND GREEN MANURING. 

Some experiments on this subject were conducted by A. N. Engel- 
hardt, which are abstracted in Chem. Centralblat, 1901, p. 232. 
The following were the results obtained from three year’s field ex- 
periments: The fine-ground untreated phosphate was especially ef- 
fective on cereals. The effects was best on soils containing an 
abundance of organic matter. The finer the meal and the greater 
the perceniage of phosphate of lime the more effective was the phos- 
phate. The best results were obtained with rye, but the following 
crop of oats was also benefited. When the phosphorite was ap- 
plied to rye, oats or flax, and these crops followed by a crop of rye, 
to which barnyard manure was applied, the yield of the latter was 
much better than of rye which had received only an application of 
barnyard manure. 

The results showed that ground phosphorite can be profitably used 
to supply phosphoric acid on soils*which contain a sufficient amoun! 
of nitrogen, potash and lime. When its action lessens, green manur. 
ing should be resorted to. Lime and marl used in conjunction with 
the phosphorite was advantageous. 


CONCLUSION. 


In conclusion, it may be said that there are many more experi- 
ments that might be referred to which have covered the same points 
already considered, and many others which have had to do with 
particular phosphates, but that it is needless to go over them in 
detail as the results are, in most instances, practically the same as 
those already cited and are simply confirmatory of the statements 
which have been made from time to time in this article. 

The experiments which have been quoted from show that many 
of the popular notions regarding phosphates are not fully warranted 
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and that much of our daily practice is either based upon pre-von- 
ceived ideas or been moulded by such information as has been 
given out which would serve the interest of fertilizer manufacturers. 
It is certain that a careful study of the results of the experiments 
given in the preceding pages will make it evident to all that there 
is more need of a careful study of the character of land to which 
the phosphate is to be applied and then to use the form of phosphoric 
acid and other accessory measures which will gain the desired results 
most economically. 


REVIEW OF THE RESULTS OF THE EXPERIMENTS. 


All of the experiments which have been conducted upon the use of 
phosphoric acid in agriculture have given results which seem to 
warrant the general statement that much of the practice now follow- 
ed in the use of phosphates is not founded upon facts; but are pro- 
bably backed either by the tradition and statements gathered from 
the customs of our forefathers or promulgated by the teachings of 
the commercial world. The latter, in many cases, are much colored 
for the sake of self preservation and financial gain. 

There is no doubt but that the first step in the economical use of 
phosphates is to imitate nature and endeayor to keep the soil well 
supplied with organic matter; for it is only by such means that the 
phosphates contained in the soil naturally and those applied artifi- 
cially can be fully utilized by the cultivated crops. 

It is very evident from all the tests cited that some crops, particu- 
larly the turnip family, have a greater ability than others to use 
crude or insoluble phosphates and these experiments would certainly 
teach that the aim should be to employ such crops for rendering in- 
soluble phosphates available and by such a practice save much that 
is now being spent for sulphuric acid and the cost of manufacturing 
the soluble phosphates. 

The experiments, in most instances, show that the presence of cor- 

bonate of lime is of considerable advantage in increasing the avail- 
ability of phosphates. 
* Some of the tests show that the iron and alumina phosphates are 
much more valuable as plant foods than is generally considered, in 
fact under some circumstances they seem to be as soluble and even 
superior to lime phosphates. 

In regard to the so-called available phosphoric acid of commercial 
fertilizers, the results all point to the fact that there is no difference 
in it depending upon its source; that is, a pound of available phos- 
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phoric acid from a mineral source is just as valuable as a pound from 
aun organic source. With this fact confronting us there seems to be 
nothing to warrant the purchase of a dissolved bone instead of a dis- 
solved rock, unless the phosphoric acid in the bone costs no more 
than that in the rock. In other words, a farmer can not afford to 
pay more per pound for available phosphoric acid in dissolved bone 
than he can for that in dissolved rock any more than he would pay 
more for sugar from cane than he would for sugar from beets. In 
either case the only justification that could be given would be that 
there was no departure from the traditions of his grandfathers. 

The results of both field and plot experiments show that certain 
classes of phosphates are more available and hence have a higher 
agricultural value than would be given them by official methods of 
analysis. This condition would seem to warrant some modified 
method for analyzing such materials. This is particularly true of 
the tetra-phosphates when used on some soils. 

The best advice and general rule which can be given in the matter 
of the intelligent use of phosphates is, to study the special conditions 
that surround the particular case in hand, observe the methods of 
nature and compare these circumstances with those of the experi- 
ments given, then apply the results with such modification as good 
common sense would seem necessary to meet the demands of local 
conditions. 
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FERTILIZER VALUATIONS—1902. 


The object of an official valuation of commercial fertilizers is to 
enable the consumer to judge approximately whether he has been 
asked to pay for a given brand more than the fertilizing ingredients 
it contains and market conditions prevailing at the time would war. 
rant. It is clear, therefore, that no attempt is made in this valuation 
to indicate whether the fertilizer valued possesses a greater or less 
crop-producing capacity than another fertilizer; but only whether it 
is higher priced than another of the same general composition. For 
this purpose it must be so computed as to include all the elements 
entering into the cost of a fertilizer as it is delivered to the con- 
sumer. These elements may be conveniently grouped as follows: 

1. The wholesale cost of the ingredients. 

2. The jobbers’ gross profit on the sale of the ingredients; this 
includes office expenses, advertising, losses, etc.; for the purpose of 
the present computation it may be assumed that the sum of this gross 
profit and the wholesale cost of the ingredients, is equivalent to the 
retail price of the single ingredients near the wholesale markets in 
ton lots of original packages for cash. 

3. The expense and profit of mixing: This item applies only to 
complete fertilizers, rock and potash, and ammoniated rock; not to 
dissolved or ground bone, or to dissolved rock. 

4. The expense and profit of bagging. 

5. Agents’ commission: This item includes not only the commis- 
sion proper, but every advance in price due to the sale of the goods 
through an agent in small quantities on time, rather than directly 
to the consumer in ton lots for cash. 

6. Freight from the wholesale market to the point of delivery. 

The valuations for 1901 were based: 

1. Upon the wholesale prices from September 1, 1900, to March 1, 
1901, of the raw materials used in fertilizer manufacture, the quota- 
tions of the New York market being adopted for all materials except 
acidulated phosphate rock and ground bone. 

2. Upon an allowance of 20 per cent, of the wholesale prices, above 
mentioned, to cover jobbers’ profits. 

By adding the 20 per cent. allowed for jobbers’ gross profit to the 
wholesale price of the several raw materials, the retail price in 
original packages at the jobbers’ warehouse is obtained. 
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Since the amount of the several valuable fertilizing constituents in 
the various raw materials is known, it is a simple matter to de- 
termine the corresponding retail yalue per pound of the valuable fer- 
tilizing constituents yielded by each raw material. <A schedule of 
these pound values affords a convenient basis of computation of the 
value per ton of various fertilizers, whose composition is ascertained 
by analysis. 

The values assigned, for the present, to the other elements in the 
cost of the fertilizer at the point of delivery are: 

3. For mixing, $1.00 per ton. 

4, For bagging, $1.00 per ton, in all cases except those in which the 
article was sold in original package; the cost of the package being, in 
such cases, included in the wholesale price. 

5. For agents’ commissions, 20 per cent. of the cost of the goods 
f. o. b. at the jobbers’ or mixers’ warehouse. 

6. For freight, $2.00 per ton; the cost of the freight in lots of twelve 
tons or over, from the seaboard to Harrisburg, averaging $1.88 per 
ton. 

The following valuation of dissolved South Carolina rock illus- 
trates the method: 


Phosphoric acid. Per cent. Weight per ton. 
SSDI DG at nate oa ule axcyion ose ss eyeka pes es 11.50 230 Ibs. at 3c. $6 90 
RECVETPC UM womens i Picea ieusrcticcin as deaies 2.50 50 Ibs. at 2$c. 1 25 
Tirso wll le aise) sey coche, shavers cues ects 1.00 20 Ibs. at 1$e. 30 
Retailvcash value of ingredients. 22... 62+ ease we ee $8 45 
SAO “heat ace Lae An oO it Spent Ore OD RED oe ee 1 00 
Cash value of goods ready for shipment, ..................6. $9 45 
Pensa COMMISSION. 20 er COM. ciace-- eudeus sere ee oe 1 89 
IPT EG ayo Sic tats ake Ate tas ards boe whole cee. SARC tae aie, ee te ee oe 2 00 
Commercial, values per tOMss.1/10h ne cn eo etn sete Se ee $13 34 


It is not to be expected, of course, that the valuations thus com- 
puted will precisely represent the fair price to be charged for a brand 
in each locality and in every transaction. Market conditions, compe- 
tition, distance from factory, all introduce minor variations. Never- 
theless, to make the approximation reasonably close, the average 
valuation of a given class of goods ought to agree closely with its 
ascertained average selling price. Whenever such an agreement is 
no longer obtained by the use of a schedule, it is evident that the 
schedule of retail values of the constituents, or the added allowances 
for mixing, etc., requires revision. 
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It is needful to note here another factor greatly affecting the prac- 
tical accuracy of these approximations. Their computation would 
offer little difficulty and their usefulness be far greater, if, by the 
ordinary methods of analysis, the exact nature of the ingredients 
used to supply the several fertilizer constituents, were capable of 
certain determination. This is, however, possible, to-day, to only a 
limited extent. The valuations are, therefore, based on the assump- 
tion that the fertilizers are uniformly compounded from high quality 
ingredients, such as are commonly employed in the manufacture of 
fertilizers of the several classes. Consumers should carefully avoid 
the error of accepting such valuations as infallible; they are not de- 
signed to be used for close comparison of single brands, but only to 
indicate whether the price asked for a fertilizer is abnormal, assum- 
ing good quality for the ingredients used. From this it is clear that, 
except as high freights may require, the selling price of a brand 
should not far exceed the valuation; but that a fertilizer may be 
made of inferior materials and yet have a high valuation. 

The valuations used during 1900 were modified for use during 1901 
in accordance with the changes in wholesale prices of fertilizing 
ingredients and to make the valuations more closely follow the sell- 
ing price. 

The following comparative statement shows the valuations and 
selling prices of the several classes of fertilizers during 1900 and 
1901. 


4 oo 
é EE 
a ea 
= > o 
a , ¥ 
Fertilizers. uw 8 g 
i) a E of 
bi ° ae 
co) par) oO Q 
2 | 3 # | bes 
5 CG 3 ESE 
a > n a) 
Gominict el, sere sata i Metre ees te hae Ay ove | 24.61; 25.38; —0.77 
Rock-and-potash, 48 | 14.71 17.26 | —2.64 
Dissolved bone, 2 30.87 26.00 | 4.87 
Ground bone, 30 25.91 28.42 | —2.51 
Dissolved rock, 56 13.48 13.57 —0.09 
Fall, 1900. | 
(CoA GodnbocaqnammasaconcunsaancodoEoéopananatcdasccasendereseeds 130 | 24.00 23.22 0.81 
RGCKand=potashys erica serieisteiieiisoieeiciencisielec or einai voeh iets 33 14.68 18.11 | —3.48 
WDISHOLVE Ad) DONE Hess ceprenisielsceict aclocers cicisieitioineiciotisiote nine csiclotte cele oer: 2 22.74 23.50 | —0.76 
Grounanone viet cesiccleciocle sen ciiareeccintutions neon tecweaiGw ate cents 17 26.87 28.73 —1.36 
PD ISSOLV. CCRT OCK mets ise cieletsie ieiclniee eters nee teisteG aie eae eel eee uone 31 13.11 13.96 —0.85 
Spring, 1901. | 
Womplete ng etree cles icte ear ot cla es aes Se Eee Gnas 291 24.76 23.92 | 0.84 
Rock-and-potashte gncnece cece seen ono nee eee ane 60 14.60 16.20 | —1.60 
Dissolved bone, a 29.00 28.00 | 1.00 
Ground bone, 44 28.71 27.59 | 1.12 
Dissolved rock, 49 13.51 18.90 —0.39 
(Cat OIECS to Son dnoniaanncndonueyeonuocsde douEeoosennANBonsantansocasr 179 28.75 | ° 22.28 | 1.47 
Rock-and-potash, 42 14.23 16.09 | —1.86 
Dissolved bone, 5 23.36 23.91 —0.55 
Ground Bponevera tesco ec eee eee eee naa aera EES 27.69 25.94 1.75 
Dissolved rock, 49 | 13.82 | 13.18 0.64 
| | 
a I A <== = tial “<r 
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The valuations during 1901 for the more important classes of fer- 
tilizers were considerably higher than the selling prices; the differ- 
ence was more marked in the fall than in the spring. As usual, the 
selling prices of rock-and-potash maintain a_ disproportionately 
high level. 

The general tendencies of the wholesale market may be judged 
from the following comparative statement, obtained from the weekly 
reports of the Ovl, Paint and Drug Reporter, of New York City, show- 
ing the average wholesale prices of fertilizer raw materials from 
September 1, 1900, to March 1, 1901, and from September 1, 1901, to 
March 1, 1902. 


Wholesale Prices of Fertilizer Ingredients, New York: Q7/, Paint 
and Drug Reporter. 


! i mc Ta 
ae & og 
©) vai oe; 
Care li coal 
: = ice! fu. 
ed ov = (3) 1 oo 
: oa) gs | fee 
Substance. s ae as Ree 
a roy Ona 
o ° v2 iS) 
~ aa a oo 
ret 00 it) aw 
3 (a Sos LoS Fe 
} bs ro $5 
Pal oS VS Seu 
E Bet ee Eno 
q <q < oy, 
SUITES Coe EWeeherorbets “Gaanoonqosoue oraadeD coonodduudoUn LOM an adn ogceeacca 2.8005 2, 8324 101.1 
INTEL ATEHOLL SOG BW ayers cis s cersie o lelstepalsieisiesa-ajorc@iaaieta we Hreisiele sieie nia (Guten consacangnod 1.8153 | 1,9S89 109.5 
IB yeh (Ys Loa) 0} Vayaye aad & Fyiall CAS nan nO Aaa COO UNCOnOn aa Ona aaa con Unit (@20bs. —. 2.3127 | 2.2375 96.7 
Woncentrateds tankagse. woo ecisrccisete cincianies awe cieecce Ubfobey mnaacoduerane 163220 |) 6425 100.1 
FROME GHOMeN A Slee e tio siccclottci once eens amen eles , 20.98 | 18.25 86.9 
GrOUMGRIDOME, «saicitielevesisicterc ins cs (sinictelsicioreletenieramortascre eres 5 A 842 20.50 93.8 
BOTLOMETI Call he Sorcied acer eee ere eee ee a eee i | i Valero 89.9 
Fish guano (dry), 2 24.50 106.5 
Fish guano (acid), ... | 13.25 0.4 
Refuse bone-black, ..... } 19.00 98.4 
Phosphate rock (Charleston), 7.48 103.2 


Phosphate rock (Tennessee), . nies on, Sara 2.20 5 
AICIGGPHOSPHALE. <6 samcisseeaion cece Ss asel| .6422 -625 97.3 


DOUPIEPMTANUT!S SALES © ye rsversis clercle’s/arctorssetcrers:s/cleretets/ecaiersistenssete 1.0725 Thay |] 105.4 
Sullatemoi potash: ec nema se nance nie cuniesmioeesere : | 220% a) 25025) 102.6 
EAM TR Lt mecetate aferelsis woielsieVete tis. sles otaciens icin ainicrere ovine ei maren eieeal| Ton, 195304) 98055] 97.3 
Miumiait erro fa DOCASI erase. ccretcincs den asieicio sre aticnseeterereainias a 1.8475 | 1.8475 100.0 
SUURU TCA Ci Gis 66) ——-On Se ere lelarjeiticieiercieletclerelelsialelclorineice sine || nme PAToy leo 196.6 


In ammoniates, such as dried blood or concentrated tankage, the 
unit is of ammonia, of which 82.85 per cent. is nitrogen; in acid 
phosphates, the unit is of phosphoric acid (phosphorus pentoxid). 

The nitrogenous materials and animal sources of phosphoric acid 
show the following changes from last year’s prices. Sulfate of 
ammonia has advanced slightly, while in the case of nitrate of soda 
and fish guano there has been a distinct advance over last year’s 
figures. Concentrated tankage remains practically the same. Dried 
blood and refuse bone-black have fallen off slightly; rough bone and 
bone meal show a marked decrease. The following data are from 
the monthly reports of Thos. J. White & Co., fertilizer brokers, Balti 
more, Md., giving wholesale quotations upon ammoniates. 
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Wholesale Prices of Ammoniates: Reports of Thos. J. White & Co.. 
Baltimore, Md. 
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Sulfate of ammonia, per cwt. | 
Foreign, f. 0. b. Baltimore, .......ceccecs cece cence cence eee r eer r eee ceeceenceeenees 2.76 2.79 
Domestic, f. 0. Db. BOSton, .....cccccccccccccccccsccccvcccssecsessceccccscecersseess | 2.76 $2.75 
Ground blood, f. 0. b. Chicago, per unit AMMONIA, ...... see eee cere reece eee eee eens 2.12 2.015 
Concentrated tankage, f. 0. b. Chicago, per unit ammonia, ©....-.+--.+seeeeeeeeee | 1.96 1.875 
Crushed tankage, f. 0. b. Chicago, per ton : 
10 per cent. ammonia, 15 per cent. bone phosphate, ....... 20.67 
10 per cent. ammonia, 10 per cent. bone phosphate, ....... 19.49 
Crushed tankage, c. a. f. Baltimore, per unit ammonia, ... : 2.26 — 
Dried fish, f. 0. b. factory, per UMit AMMONIA, ....... cere cece eee rece e eee eee eens $2.14 §2.175 


7f. o. b. Everett; quotations for September only. 
*Lacking December quotations, 

tLacking December and February quotations. 
§Quotations for September only. 


The foregoing table indicates the following variations from prices 
a year ago. Sulfate of ammonia has increased 1 per cent. and the 
other ammoniates have decreased as follows: Ground blood, 5 per 
ccnt.; cencentrated tankage, 4 per cent.; crushed tankage, 103 and 15, 
and 10 and 10, 84 per cent., and crushed tankage sold per unit of am- 
monia 1 per cent. 

The Engineering and Mining Journal of New York City, gives 
quotations of sulfate of ammonia and nitrate of seda for January, 
1902, 2.8375 and 1.97 per cwt., respectively, as compared with 2.76 
and 1.85 for the same month last year. All these figures are con- 
firmatory of those already quoted showing a slight advance in the 
wholesale price of ammonium sulfate, a marked advance in the case 
of nitrate of soda, a shrinkage in the value of blood and tankage 
and quite a marked decrease in the case of bone, 

Of the animal raw materials furnishing phosphoric acid, refuse 
bone-black only has fallen off somewhat in price. The following 
summary from the Engineering and Mining Journal shows the prices 
of rock phosphate. Lower freight rates helped to increase the ex- 
port trade about 17 per cent., 750,000 tons being shipped as against 
619,996 tons in 1900. 

Florida Phosphate: The largest business was done in high grade 
rock, the exports amounting to 428,000 tons or about 80,000 tons 
more than last year. The chief demand for pebble phosphate was 
for home consumption, the exports, however, being larger than last 
year. Prices during the year were: For high grade rock ((77-80) per 
cent.) f. o. b. Fernandina, $7.25 in January, $6.75 from February to 
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November inclusive, and $7.25 in December, making the average for 
the year $6.83 per ton, this being below the price for 1900. During 
January and February of this year, the price rose, being quoted dur- 
ing that time at $7.50. Land pebbles (68-73 per cent.) were $4.14 in 
January, $3.93 from February to September inclusive, $3.75 in Oc- 
tober and $3.13 in November and December, making the yearly 
average $3.80. During January and February of this year prices 
were $3.00 to $3.25. 

Peace River phosphate was less active, 18,790 tons being exported 
as compared with 21,427 tons last year. The average prices f. o. b. 
Fernandina, were $2.94 in January, $2.63 from February to October, 
and $2.88 in November and December, the average for the year being 
$2.61. During January and February of this year quotations were 
$2.25 to $2.50. 

Tennessee Phosphates: The export trade is growing, over 130,000 
tons of high grade rock being sent abroad. As a result of competi- 
tion, prices were lower than in 1900. The f. 0. b. prices of export 
rock were $2.88 in January, $3.25 in February, $3.38 in March to July 
inclusive, $3.68 in August and September, $3.30 in October, $3.31 
in November and $3.50 in December; yearly average, $3.33, and for 
January and February of this year, $3.50. 

Prices on domestic orders for high grade rock (78 per cent.) aver- 
aged $2.78 in January and $3.13 in December, or $2.97 per long ton 
for the year, f. 0. b. Mt. Pleasant. During January and February 
of this year prices were $3.00 to $3.25. 

Domestic rock (75 per cent. bone phosphate) averaged $2.63 in 
January, and $2.88 in December, or $2.75 for the year; and for the 
70.72 per cent. grade, $2.18 in May to July, $2.29 in September and 
$2.25 in December, or $2.21 for the year. The prices for January and 
Webruary of this year upon these grades were $2.75 to $38.00 and $2.25 
to $2.50 respectively; all f. o. b. Mt. Pleasant. 

In South Carolina, production was curtailed owing to heavy stocks 
in the early part of the year and small demand. Coastwise ship- 
ments and exports decreased over last year. The average prices 
f. o. b. Ashley river, for dried rock were $4.50 in January and 
Feoruary, $3.25 in March to July, making $3.65 for the year. Of the 
crude rock, comparatively little has been sold out of the State, the 
average price for the year being $3.36. During January and Feb- 
ruary of this year land rock was quoted at $3.25 and river rock at 
$2.75 to $3.25. 

The mine prices for 1901, at all the principal points of production, 
were materially lower than during 1900, to a degree which is not 
fully reflected by the New York quotations. 
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Brimstone: High prices and increased consumption of pyrites 
by acid-makers have reduced the imports of brimstone about 7,000 
tons. The total imports into the United States for 1901, as given 
by the Engineering and Mining Journal, were about 160,000 tons, 
chiefly in best unmixed seconds; and these were consumed largely 
by paper mills. Prices were maintained by the trust in Sicily 
nearly all through the year and would have continued to rise had 
not the Anglo-Sicilian Co. been compelled to make concessions. As 
compared with those of 1900, New York prices show an increase of 
77 cents a ton for spot and 82 cents for shipments. Best unmixed 
thirds sold in New York at $2 to $3 below best unmixed seconds. 
The average New York price for 1901 for best unmixed “seconds” 
“spot” was $22.95. 

Pyrites: The demand has been good and deliveries on contract 
large at good prices. Domestic production has increased and im- 
ports during the year 1901 were 17 per cent. above those for 1900. 
The U. S. Bureau of Statistics shows imports for the year ending 
June 30, 1901, of 339,217 tons, valued at $1,166,686, or $3.44 per ton. 
For the year ending June 30, 1900, the imports were 334,131 tons, 
at $3.61, in both cases most of the imports being from Spain. 

The Lngineering and Mining Journal estimates the imports into 
this country for 1901 as 389,000 tons, chiefly from Spain. Low 
freight rates favored these large imports. The same journal sum- 
marizes prices as follows: Spanish pyrites (Huelva, 46-51 per cent. 
sulfur) were sold at 12 to 14 cents per unit ($5.52 to $7.14 per ton) 
ex ship Atlantic ports. Domestic pyrites, 42-44 per cent. sulfur, 
f. o. b. Mineral City, Va., $4.90 per ton for “lump” ore and 10 cents 
per unit ($4.70 per ton) for fines.” Massachusetts, f. 0. b. Charle- 
mont, $5.00 to $5.50 for “lump” and $4.75 to $500 for “fines.” The 
raw materials for acid manufacture were, therefore, only a little 
higher than during the preceding year, though the fall of 1901 wit- 
nessed an increase. 

Concerning sulfuric acid, the same authority states that the Gen- 
eral Chemical Co. has kept prices at a satisfactory level. As the 
year advanced, prices were raised to meet the higher cost of raw ma- 
terial. In New York, prices were for 66 per cent. acid, $1.10—$1.30 
per 100 Ibs.; for 60 per cent. acid, 90 cents to $1.10 per 100 Ibs., and 
for 50 per cent. acid in bulk $12.00 to $16.00 per ton. 

During the fall of 1901, therefore, rock prices were considerably 
lower, acid prices slightly higher than in 1900. Valuation schedules 
must be based. however, upon the actual wholesale prices of the 
acid phosphates, rather than upon those of the raw materials from 
which they are made. New York wholesale quotations for acid 
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phosphate, per unit of available phosphoric acid, were, according to 
the Oil, Paint and Drug Reporter during 1900-1, 64.2 cts.; during 
1901-2, 62.5 cts. According to the Engineering and Mining Journal, 
acid phosphate was offered, early this year, for 57.5 to 60.0 cents per 
unit; the retail selling prices in this State decreased from the spring 
to the fall of last year nearly 7 cents per unit. 

Potash Salts: The reports of the U. S. Bureau of Statistics show 
the following entries for consumption during the fiscal years 1900 
and 1901: 


1900 1901. 

| 
MEIN ALE a (DOUNGS)) jurcicrcisisve sicfalatlesicielnic cisio/aisie\olele1o{oislele\ele’siece.e lelslelo’ereivie)='ele/sicleleieleisin\s[elelers 113,032, 418 138,561,091 
Kieserit, kaimit, etc. (toms), ...cccccccccccccccrcccccccccvcccrscccccccccccccece 133, 244 187,470 


The German Potash Syndicate regulates the prices on potash salts 
and has held the 1902 schedule at the same level as that of 1901. 

On the basis of large lots sold through brokers for cash and deliv- 
ered at Boston, New York or Philadelphia, the schedules announced 
by the Syndicate are as follows. 
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This trade is so managed that, before March 1, nearly all whole- 
sale deliveries of the year are contracted for. 


Composition of Raw Materials. 


In order to form a correct idea of the cost per pound of the fer- 
tilizing constituents of these materials, it is needful to determine 
their composition; or, in other words, the quantities of valuable 
constituents each contains. The following table shows the composi- 
tion of the raw materials used in the manufacture of fertilizers. Very 
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few analyses for these materials, with the exception of ground bone 
and dissolved rock, have been made in Pennsylvania. The figures 
in the following table include the averages of the results of analyses 
made in Connecticut, Massachusetts, New Jersey and Pennsylvania 
during the past year, except in the case of ground bone and dissolved 
rock phosphates, where Pennsylvania results alone are included. 


Composition of Non-Acidulated Fertilizer Ingredients (Per Cent). 
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Composition of Acidulated Fertilizer Ingredients (Per Cent). 
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Dissolved bone-black, ate 5 75 2.53 1.41 
WDISSOLVEROS DONE TA cacwisicieisrercielsiore sie Stas 6 | 17.55 2.03 | 6.70 8.82 
Dissolved rock phosphate, 8 9.86 1.48 


*Also contains 2.40 per cent. nitrogen. 


The above figures, considering only those cases where a consider- 
able number of analyses are available, would indicate that there has 
been no great change in the composition of the raw materials used in 
fertilizer manufacture, 


Cost per Pound of Fertilizer Constituents. 


From the foregoing data showing the cost per ton, hundred- 
weight, or other unit of measure, of the several raw materials, and 
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the quantities of valuable constituents the average materials now on 
the market contain, the wholesale cost per pound of the valuable con- 
stituents can be readily estimated. In the case of ammoniates, the 
quotations are “per unit of ammonia” in many cases. The term 
“unit” is equivalent to “per cent.;” in goods sold by the ton of 2,000 
Ibs., the unit is equal to 20 Ibs.; and 20 Ibs. of ammonia contain 16.47 
Ibs. of nitrogen. 

In the case of refuse bone-black, unacidulated, the mean, 28.25 per 
cent. of phosphoric acid, is assumed to represent the average ma- 
terial on the market. 

Phosphate rock is sold by the ton of 2,240 Ibs.; this material is sold 
on the basis of the bone-phosphate of lime it contains, with draw- 
backs for injurious constituents. Since the bone phosphate of lime 
contains 45.8 per cent. of phosphoric acid, each per cent. of bone 
phosphate in a long ton of phosphate rock is equivalent to 22.4 Ibs. 
and contains 10.26 Ibs. of phosphoric acid. 

In the wholesale trade, it is customary to sell dried blood, azotine, 
horn and hoof meals, and concentrated tankage solely on the basis 
of ammonia, to the entire disregard of the phosphoric acid contained. 

Likewise, the insoluble phosphoric acid in dissolved rock is omitted 
from consideration, and contracts are based solely upon the “avail- 
able” phosphoric acid; that is, the sum of the “soluble” and “revert- 
ed” or “citrate soluble” phosphoric acid; nor in rock phosphates is 
any claim made for the small quantities of nitrogen and potash they 
always contain, nor in dissolved bone for the potash present. 

Under these conditions, the wholesale cost per pound in New York 
of the valuable constituents of such materials as furnish but a single 
fertilizing element, these materials being assumed to be in the state 
of preparation and in the package in which the manufacturer pur- 
chased them, are given in the following table; also, a figure repre- 
senting a fair retail price at the factory, the materials having under- 
gone no change in treatment or packing, and the allowance for ex- 
pense and profit in retailing being 20 per cent. 
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Wholesale Cost per Pound of Fertilizer Constituents (New York). 
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rg oer ram ereeeparie of abe Maeinceine and Mining; Jourdals The olcesvere 
potash are taken from the schedule of the Syndicate and those of the remainder from the Oil, 
Paint and Drug Reporter. 

The quotations for bone are given without specific reference to 
quality, so that it is impossible from these data to fairly apportion 
their several wholesale values to the nitrogen and phosphoric acid 
contained in this material. As compared with tankage, the general 
tendency is to assign a higher commercial rating to the phosphoric 
acid in bone and to the nitrogen a rating not very different from that 
given in tankage. . 

The quotations of Thos. J. White and Company show an average 
wholesale rate in Baltimore during September, 1901, to March, 1902, 
for crushed tankage to have been $2.26 per unit of ammonia and 
$6.10 _per unit of bone phosphate of lime. This is equivalent to 
$2.74 per unit of nitrogen and $0.218 per unit of phosphoric acid. 
The average composition of the ground bone and bone meal samples 
analyzed last fall in Pennsylvania was: Phosphoric acid, 22.53 per 
cent.; nitrogen, 2.94 per cent. The prepared bone contains less fat 
and moisture and often less nitrogen than the ordinary “rough 
bone;” but these differences tend, in a manner, to neutralize each 
other. 

Assuming for the rough bone quoted in the New York market the 
same composition as the bone meal sold in Pennsylvania and for the 
value of the nitrogen $2.74 per unit, the values per pound of the 
several constituents would be: 


55 
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Wholesale Cost per Pound of Fertilizer Constituents, New York. 
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The average ground bone and bone meal on the retail market are 
probably inferior in composition to the rough bone on the wholesale 
market, hence these figures tend to be too high. Direct estimation 
of the wholesale pound values of acidulated bone (animal bone) 
capnot be made, as there are no wholesale data available for this 
purpose; for this computation, dependence inust be placed upon 
the retail selling prices. 


Valuations in Neighboring States. 


It is desirable, from all points of view, that the schedules of val- 
vation throughout a district in which similar market conditions pre- 
vail, should differ as little as possible. It has been our practice in 
the past, to conform our schedule to that adopted after very careful 
cu-operative study of market conditions for each year, by the New 
Kngland States and New Jersey, except where the peculiar conditions 
of our market have made the valuations diverge too largely from the 
actual selling prices, as in the case of ground bone and dissolved 
rock phosphates. The schedules for these States for 1900 and 1901 
are as follows: 


No. 6. DEPARTMENT OF AGRICULTURE. 907 


Trade Values Adopted by the New England States and New 
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Upon a careful consideration of the changes and tendencies of the 
wholesale prices of fertilizer ingredients and of the discrepancies 
occurring since the adoption of the 1901 schedule of valuation, it 
has been decided that the schedule for use during 1902 should be the 
same as that adopted for the use of New Jersey and New England, 
except at two points. 

For reasons fully discussed in 1897, it is needful to include in 
the Pennsylvania schedule of valuations, a distinct set of values for 
phosphoric acid derived from rock as contrasted with that derived 
from animal materials. Reference to the tables, given on an earlier 
page, showing the wholesale cost of a pound of phosphoric acid, will 
make it plain that when it comes from phosphate rock, it costs the 
fertilizer maker about one-half to three-fourths of a cent at the 
mines, on the Atlantic seaboard; when from refuse bone-black, de- 
livered at New York, 3.4 cents; when from tankage, about 1.1 cents; 
and from bone 2.69 cents. 

There is nothing to indicate that, after acidulation, the available 
phosphoric acid from bone is at all better for the crop than that from 
a good rock lime-phosphate. But so long as the consumer is per- 
suaded that bone phosphoric acid is worth more for his crop than 
an equal weight of rock phosphoric acid, just so long will the manu- 
facturer of fertilizers be able to command a higher price for those 
fertilizers reputed to derive their phosphoric acid from bone, and just 
so long will he, in turn, be obliged to pay more for it on the whole- 
sale market. Now, in some States, the volume of rock phosphoric 
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acid used is relatively small and the need for its separate valuation 
not apparent; in other States it predominates to the almost entire 
exclusion of bone phosphoric acid, so that no distinct valuation for 
the latter is required; but in Pennsylvania both occupy important 
positions upon the market and each requires its own set of values. 
Despite the slightly upward tendency of the acid phosphate market, 
it is thought needless to change the valuations of these constituents 
at this time, because the average valuations have, under the exist- 
ing schedule, considerably exceeded the actual selling prices. 

For similar reasons, nitrogen and phosphoric acid in ground bone 
are valued at lower rates in Pennsylvania than in New England. 
Owing to the fact that the bone valuations of the past year fell dis- 
tinctly below the selling prices, a slight increase in the valuations 
of these goods has been made. Tankage is scheduled with bone, 
theugh costing less, because it is little sold at retail. 

The schedule for 1902, as a whole, is as follows: 


Schedule of Values for Fertilizer Ingredients, 1902. 
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Potash in excess of that equivalent to the chlorin present, will be 
valued as sulfate, and the remainder as muriate. 

Nitrogen in mixed fertilizers will be valued as derived from the 
best sources of organic nitrogen, unless clear evidence to the con- 
trary is obtained. 

Phosphoric acid in mixed fertilizers is valued at bone phosphoric 
acid prices, unless clearly found to be derived from rock phosphate. 
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Bone is sifted into two grades of fineness: Fine, less than 1-50 inch 
in diameter; coarse, over 1-50 inch in diameter. 

The result obtained by the use of this schedule does not cover the 
items of mixing, bagging, freight and agents’ commission. To cover 
these, allowances are made as follows: 

For freight, an allowance of $2.00 per ton on all fertilizers. 

For bagging, an allowance of $1.00 per ton on all fertilizers, except 
when sold in original packages. 

For mixing, an allowance of $1.00 per ton on complete fertilizers 
and rock-and-potash goods. 

For agents’ commission, an allowance of 20 per cent. is added to the 
cash values of the goods ready for shipment. 

The mean quotation on freight from New Yoak, Philadelphia and 
Baltimore to Harrisburg, in January, 1897, was $1.68 per ton, in lots 
of twelve tons or over; in May, 1899, quotations by the Pennsylvania 
Railroad were: From New York, $2.40; from Philadelphia, $1.70; 
and from Baltimore, $1.55; mean rate froin the three points, $1.88. 


FERTILIZER ANALYSES, JANUARY 1 TO AUGUST 1, 1902. 


Since January 1, 1902, there have been received from authorized 
sampling agents, eight hundred and thirty-eight (888) fertilizer sam- 
ples, of which four hundred and fifty (450) were subjected to analysis, 
the remainder being rejected either because they represented brands 
analyzed last season, or because they were regarded as not certainly 
representative of the brand whose name they bore. When two or 
more samples representing the same brand were received, equal por- 
tions from the several samples were united and the composite sample 
was subjected to analysis. 

The samples group themselves as follows: 289 complete fertilizers, 
furnishing phosphoric acid, potash and nitrogen; 2 dissolved bones, 
furnishing phosphoric acid and nitrogen; 66 rock-and-potash fer- 
tilizers, furnishing phosphoric acid and potash; 59 acidulated rock 
phosphates, furnishing phosphoric acid only; 29 ground bones, fur- 
nishing phosphoric acid and nitrogen; 5 miscellaneous fertilizers, 
which group includes potash salts, nitrate of soda and other sub- 
stances not properly classified under the foregoing heads. 

The determinations to which a complete fertilizer is subjected are 
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as follows: (1) Moisture, useful for the comparison of analyses, for 
indication of dry condition and fitness for drilling, and also of the 
conditions under which the fertilizer was kept in the warehouse. (2) 
Phosphoric acid—total, that portion soluble in water, and, of the 
residue, that portion not soluble in warm ammonium citrate solution 
(a solution supposed to represent the action of plant roots upon 
the fertilizer), which is assumed to have little immediate food 
value. By diiference, it is easy to compute the so-called “reverted” 
acid, which is the portion insoluble in water but soluble in the citrate. 
The sum of the soluble and reverted is commonly called the “avail- 
able” phosphoric acid. (3) Potash soluble in water,—most of that 
present in green sand mar] and crushed minerals, and even some of 
that present in vegetable materials such as cotton-seed meal, not 
being included because insoluble in water even after long boiling. (4) 
Nitrogen—this element is determined by a method which simply ac- 
counts for all present, without distinguishing between the quantities 
present in the several forms of ammonium salts, nitrates or organic 
matter. (5) Chlorin; this determination is made to afford a basis for 
estimating the proportion of the potash that is present as chlorid or 
muriate, the cheaper source. The computation is made on the as- 
Sumption that the chlorin present, unless in excess, has been intro- 
duced in the form of muriate of potash; but doubtless there are occa- 
sional exceptions to this rule. One part of chlorin combines with 
1.326 parts of potash to form the pure muriate; knowing the chlorin, 
it is, therefore, easy to compute the potash equivalent thereto. (7) 
In the case of ground bone, the state of sub-division is determined by 
sifting through accurately made sieves; the cost of preparation and 
especially the promptness of action of bone in the soil depends very 
largely on the fineness of its particles, the finer being much more 
quickly useful to the plant. 

The law having required the manufacturer to guarantee the amount 
of certain valuable ingredients present in any brand he may put upon 
the market, chemical analysis is employed to verify the guaranties 
stamped upon the fertilizer sacks. It has, therefore, been deemed 
desirable in this report to enter the guaranty filed by the manufac- 
turer in the office of the Secretary of Agriculture, in such connection 
with the analytical results that the two may be compared. An un- 
fortunate practice has grown up among manufacturers of so wording 
the guaranty that it seems to declare the presence in the goods of an 
amount of a valuable constituent ranging from a certain minimum to 
a much higher maximum; thus, “Potash, 2 to 4 per cent.” is a guar- 
anty not infrequently given. In reality, the sole guaranty is for 2 
per cent. The guaranteed amounts given for each brand in the fol- 
lowing tables, are copied from the guaranties filed by the maker of 
the goods with the Secretary of Agriculture, the lowest figure given 
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for any constituent being considered to be the amount guaranteed. 
For compactness and because no essentially important fact is sup. 
pressed thereby, the guaranties for soluble and reverted phosphoric 
acid have not been given separately, but are combined into a single 
guaranty for available phosphoric acid; in cases where the maker’s 
guaranty does not specifically mention available phosphoric acid, the 
sum of the lowest figures given by him for soluble and reverted phos- 
phoric acid is used. The law of 1879 allowed the maker to express 
his guaranty for nitrogen either in terms of that element or in terms 
of the ammonia equivalent thereto; since ammonia is composed of 
three parts of hydrogen and fourteen parts of nitrogen, it is a very 
simple matter to calculate the amount of one, when the amount of the 
other is given; the amount of nitrogen multiplied by 1.214 will give 
the corresponding amount of ammonia, and the amount of ammonia 
multiplied by 0.824 will give the corresponding amount of nitrogen. 
in these tables, the expression is in terms of nitrogen. 

The law of 1901 abolishes this alternative and requires that the 
guaranty shall be given in terms of nitrogen. Many manufacturers 
after complying with the terms of the law, insert additional items 
in their guaranties, often with the result of misleading or confusing 
the buyer; the latter will do well to give heed to those items only 
that are given as the law requires and that are presented in these- 
tables. 

A summary of the analyses made this season may be presented as 
follows, excepting the miscellaneous class: 


Summary of Analyses made this Season. 
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Reverted, per cent., . oe Sejete 3.41 | 4.45 3.37 4.65 2... seen 
Insoluble, per cent., .... 2.51 | 5.86 | 1.57 DSO ee reyaterescloteie 
EOtashtee PEr (COME. cm oistere eistclajelaleinvle/«lo/elelelelale/siei<isis s/s/s[els/e's sjerere)| Soll ipcooceceqe BIA Yer Wo noobonen ladanoueodn 
INTEROSEMM PCL COM Ghs cos alloc caleicleccleln elelelere!-/= Bobocoddanatods 1.62 | Nowy! | qandonugs| boosdoudec 3.43 
Mechanical analysis of bone: 
SENT TT Gsm re rr ae ete era eoin carol alatetetateverclareisvevelsre <(cie(elste siete cis slats /aie [eee Oe ee cee 69 
GOATSC ye ieee avon soleiaieiele aicisietelaseisiereleloleieie cle eieietoloie 0 e/arateiesa\oiris||/=/=la(0(e\elsin(e(e)|.eleieielsia\em st leeees Soe eee 31 
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Two tendencies appear upon a comparison between these data and 
ihe corresponding figures for the spring of 1901: A diminution of 
soluble phosphoric acid and a general increase in the percentages of 
reverted and insoluble phosphoric acid, while the total phosphoric 
acid is slightly increased; this tendency appeared in a great many 
brands. The use for acidulation of rock phosphates which, though 
richer in phosphoric acid, also contain more iron and alumina than 
heretofore, would account for this tendency, since the phosphates in 
acidulated goods from such rock tend to revert to insoluble forms. 
The second tendency is toward the greater use of potash, which ap- 
pears in both complete fertilizers and rock-and-potash goods. The 
dissolved bones were very inferior. 

The cases of departure of goods from their guaranteed composition 
observed this season, including only those cases in whichit amounted 
to two-tenths per cent. or more, were as fellows: 


Summary of Instances of Deficiency from Guaranty. 
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The cases of deficiency noted during the past seven seasons in 
the goods as compared with their guaranties, expressed in per- 
centage of the total number of goods of each class analyzed, are as 
follows: 
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Percentages of Deficiency, 1899—1902. 
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only one earaple analyzed, 

Marked variations in the general percentages of deficiency occur 
from year to year. During the past season, they have been some- 
what more numerous than usual. In most samples which are found 
below guaranty at one point, there is an excess at some other point, 
indicating that the cause of departure from the composition guar- 
anteed lay not in the failure of the manufacturer to use the requisite 
components, but in his failure to secure a uniform mixture. 

Considering all cases of complete fertilizers in which guaranties 
were strictly comparable with stated analytical results and suffi- 
ciently complete for the purpose: Of the one hundred and fifteen 
samples in which there was deficiency at some point, there were only 
seventeen in which there was not distinct excess above guaranty at 
some other point, though sometimes such excess was not sufficient 
to counter-balance the deficiency. Naturally, the tendency is toward 
excess of the cheaper constituent, phosphoric acid, and deficiency 
of potash or nitrogen, as appears below. 

Two-thirds of the brands were up to or above guaranty at all 
points. The true average condition of the market for complete fer- 
tilizers will be more fairly exhibited by a comparison of the average 
composition of all samples for which guaranties are recorded with 
the average of the corresponding guaranties; they are as follows: 
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Average Composition and Guaranty Compared. 
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Phosphorie acid: 
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Spring, 1902. 
Phosphoric acid: 
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STON ORD ie cre ascics ciaresecieteraye cic one ureiniovareveistarsin em nieictere inate inte etereieimunelerelefe ateteisiorsielein eie(cleia eteisteterivieie 1.62 1.58 


It is of interest to note how closely the system of valuations, based 
upon the wholesale prices of raw materials in the principal markets 
during the most important buying season and upon certain average 
allowances for expense and profit on the part of the mixer and 
jobber, coincides with the retail prices later ascertained. A compari- 


son for several seasons past is given below: 
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Comparison of Selling Price and Valuation, 1899—1902, 
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The schedule of valuation adopted for use this year has given 
valuations agreeing well with the market prices of the spring trade; 
the only exceptions is in the case of ground bone in which the average 
valuation appears about as far below the average selling price, as it 
was above the latter under the schedule of 1901. The true relation 
can be ascertained only by taking into account the average freight 
to points of sale from which samples were taken this year. Rock- 
and-potash selling prices are always high in comparison with those 
of complete fertilizers, but the disparity seems to be diminishing. 

The results of the United States Census relative to manufactures 
being now available, some facts of especial interest respecting the 
fertilizer trade appear. Prior to the consideration of these data, a 
comparison of the average composition of the complete fertilizers 
analyzed by this Control] in 1890 and 1900 is given: 
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That is to say, sne dollar bought in complete fertilizers at the 
two periods ths following quantities of the valuable constituents: 
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That is, for the same money, the retail purchaser secured in 1900 
about the same amount of phosphoric acid, thirty-one per cent. more 
potash and nearly five per cent. more nitrogen than in 1890. 

A brief summary of the Census statistics for 1890 and 1900 show- 
ing the values involved in the fertilizer manufacture of the United 
States is as follows: 
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From these the following comparative statement for the two 
periods is derived: 


1890. 1900. 
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In general, that is, the stated cost of manufacture has increased 
during the decade, about 4 per cent., while the estimated value of the 
product has fallen between one and two per cent., the net profits 
being 17.5 per cent. of the cost of production in 1890 and 11.9 per 
cCentoan, 1900: 

This decrease in net profit is due chiefly to increased cost of 
production. A little more than one-fourth of the increase occurs in 
the item of miscellaneous expenses, including insurance, interest, 
taxes, etc.; almost an equal fraction of the increase is due to the 
smaller earning efficiency of $1 spent in wages (including salaries), 
despite the fact that the average wages paid to each earner is 7.5 
per cent. less than in 1890. One-half of the whole increase is attrib- 
utable, however, to the interest item on the stated capitalization, 
which has increased almost thirty per cent. for each dollar’s worth 
of raw material used. 

This stated increase is distributed as follows, in terms of the 
items for 1890: 


Percent: 

LD EEN ys ces SRS NE APR anes no ct Ce ec Rae a 28.2 
ES UMROTU OS ec. cpst act sehen ts one aeons ee eet a 54.3 
Machinery: and=implements, 225% <is1sceye0.c ets 56.4 
Total apy] ites esc yee esse owen a co eo owe one fo) eee 49.1 

Cash and" sundries}: «... 32.75... Aan ait 49.7 


This increase of stated capitalization, proportionally so much 
greater than the increase in the cost of raw materials and the value 
of finished products, naturally raises a question as to how much of 
the stated capital represents money invested. This is at present a 
question for stock buyers. It is sufficient to the consumer to know 
that, as compared with 1890, he was in 1900 able to purchase more 
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fertilizer for one dollar; and that whereas in 1890 he was obliged to 
pay at the factory 56 cents advance upon every dollar’s worth of 
raw material used by the manufacturer, in 1900 the advance was only 
54.5 cents. 

The foregoing advances are not comparable with those allowed in 
the schedule of valuations to the mixer, for the cost of acidulation is 
excluded in the latter case, having been already included in the 
wholesale value of the acid rock and dissolved bone. 

The analytical work has been performed by the following assistant 
chemists: Nitrogen, Mr. M. S. McDowell; soluble and insoluble phos- 
phoric acid, Mr. C. W. Norris; potash and chlorin, Mr. M. H. Pingree; 
moisture and total phosphoric acid, Mr. N. W. Buckhout. The list- 
ing and preparation of samples were in charge of Mr. McDowell; the 
computation and care of records in charge of Misses M. Garner and 
E. F. Jones, 

Respectfully submitted, 
WM. FREAR. 

August 5, 1902. 


FERTILIZER ANALYSES, AUGUST 1 TO DECEMBER 31, 1902. 


Since August 1, 1902, there have been received from authorized 
sampling agents, six hundred and three fertilizer samples, of which 
all but two were subjected to analysis, these two being rejected 
because of insufficient description. When two or more samples 
representing the same brand were received, equal portions from 
the several samples were united and the composite sample was sub- 
jected to analysis. 

The samples group themselves as follows: 229 complete fertilizers, 
furnishing phosphoric acid, potash and nitrogen; 6 dissolved bones, 
furnishing phosphoric acid and nitrogen; 62 rock-and-potash fer- 
tilizers, furnishing phosphoric acid and potash; 56 acidulated rock 
phosphates, furnishing phosphoric acid only; 27 ground bones, fur- 
nishing phosphoric acid and nitrogen; 2 miscellaneous fertilizers, 
which group includes potash salts, nitrate of soda and other sub- 
stances not properly classified under the foregoing heads. 

The determinations to which a complete fertilizer is subjected are 
as follows: (1) Moisture, useful for the comparison of analyses, for 
indication of dry condition and fitness for drilling, and also of the 
conditions under which the fertilizer was kept in the warehouse. (2) 
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Phosphoric acid—total, that portion soluble in water, and, of the 
residue, that portion not soluble in warm ammonium citrate solution 
(a solution supposed to represent the action of plant roots upon 
the fertilizer), which is assumed to have little immediate food 
value. By ditference, it is easy to compute the so-called “reverted” 
acid, which is the portion insoluble in water but soluble in the citrate. 
The sum of the soluble and reverted is commonly called the “ayail- 
able” phosphoric acid. (3) Potash soluble in water,—most of that 
present in green sand marl and crushed minerals, and even some of 
that present in vegetable materials such as cotton-seed meal, not 
being included because insoluble in water even after long boiling. (4) 
Nitrogen—this element is determined by a method which simply ac- 
couuts for all present, without distinguishing between the quantities 
present in the several forms of ammonium salts, nitrates or organic 
matter. (5) Chlorin; this determination is made to afford a basis for 
estimating the proportion of the potash that is present as chlorid or 
muriate, the cheaper source. ‘he coniputation is made on the as- 
sumption that the chlorin present, unless in excess, has been intro- 
duced in the form of muriate of potash; but doubtless there are occa- 
sional exceptions to this rule. One part of chlorin combines with 
1.326 parts of potash to form the pure muriate; knowing the chlorin, 
it is, therefore, easy to compute the potash equivalent thereto. (7) 
in the case of ground bone, the state of sub-division is determined by 
sifting through accurately made sieves; the cost of preparation aud 
especially the promptness of action of bone in the soil depends very 
largely on the fineness of its particles, the finer being much more 
quickly useful to the plant. 

The law having required the manufacturer to guarantee the 
amount of certain valuabie ingredieuts present in any brand he may 
put upon the market, chemical analysis is employed to verify the 
guaranties stamped upon the fertilizer sacks. It has, therefore, been 
deemed desirable in this report to enter the guaranty filed by the 
manufacturer in the office of the Secretary of Agriculture, in such 
connection with the analytical results that the two may be compared. 
An unfortunate practice has grown up among manufacturers of so 
wording the guaranty that it seems to declare the presence in the 
goods of an amount of valuable constituent ranging from a certain 
minimum to a much higher maximum; thus, “Potash, 2 to 4 per 
cent.,” is a guaranty not infrequently given. In reality, the sole guar- 
anty is for 2 per cent. The guaranteed amounts given for each 
brand in the following tables, are copied from the guaranties filed by 
the maker of the goods with the Secretary of Agriculture, the lowest 
figure given for any constituent being considered to be the amount 
guaranteed. For compactness and because no essentially important 
fact is suppressed thereby, the guaranties for soluble and reverted 
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phosphoric acid have not been given separately, but are combined 
into a single guaranty for available phosphoric acid; in cases where 
the maker’s guaranty does not specifically mention available phos- 
phoric acid, the sum of the lowest figures given by him for soluble 
and reverted phosphoric acid is used. The law of 1879 allowed the 
maker to express his guaranty for nitrogen either in terms of that 
element or in terms of the ammonia equivalent thereto; since am- 
monia is composed of three parts of hydrogen and fourteen parts of 
nitrogen, it is a very simple matter to calculate the amount of one, 
when the amount of the other is given; the amount of nitrogen mul- 
tiplied by 1.214 will give the corresponding amount of ammonia, and 
the amount of ammonia multiplied by 0.824 will give the correspond- 
ing amount of nitrogen. -- these tables, the expression is in terms 
of nitrogen. 

The law of 1901 abolishes this alternative and requires that the 
guaranty shall be given in terms of nitrogen. Many manufacturers 
after complying with the terms of the law, insert additional items 
in their guaranties, often with the result of misleading or confusing 
the buyer; the latter will do well to give heed to those items only 
that are given as the law requires and that are presented in these 
tables. 

A summary of the analyses made this season may be presented as 
follows, excepting the miscellaneous class: 


Summary of Analyses made this Season. 
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The cases of departure of goods from their guaranteed composition 
observed this season, including only those cases in which it amounted 
to two-tenths per cent. or more, were as follows: 
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Summary of Instances of Deficiency from Guaranty. 
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The cases of deficiency noted during the past eight seasons in 
the goods as compared with their guaranties expressed in percentage 
of the total number of goods of each class analyzed, are as follows: 


Percentage of Deficiency, 1899-1902. 
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*Only two samples analyzed. 
yOnly one sample analyzed. 

Marked variations in the general percentages of deficiency occur 
from year to year. During the past season they have been slightly 
above normal. In most samples which are found below guaranty at 
one point, there is an excess at some other point, indicating that the 
cause of departure from the composition guaranteed lay not in the 
failure of the manufacturer to use the requisite components, but in 
his failure to secure a uniform mixture. 

Considering all cases of complete fertilizers in which guaranties 
were strictly comparable with stated analytical results and suffi- 
ciently complete for the purpose: Of the one hundred and twenty- 
six (126) samples in which there was deficiency at some point, there 
were twenty-four (24) in which there was not distinct excess above 
guaranty at some other point, though sometimes such excess was 
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not suflicient to counterbalance the deficiency. Naturally, the ten- 
dency is towards excess of the cheaper constituent, phosphoric acid, 
and deficiency of potash or nitrogen, as appears below. 

As heretofore, about two-thirds of the brands are up to or above 
guaranty at all points. The true average condition of the market 
for complete fertilizers will be more fairly exhibited by a comparisou 
of the average composition of all samples for which guaranties are 
recorded with the average of the corresponding guaranties; they are 
as follows: 


Average Composition and Guaranty Compared. 
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It is of interest to note how closely the system of valuations, 
based upon the wholesale prices of raw materials in the principal 
markets during the most important buying season and upon certain 
average allowances for expense and profit on the part of the mixer 
and jobber, coincides with the retail prices later ascertained. A 
comparison for several seasons past is given below: 
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Comparison of Selling Price and Valuation, 1899-1902. 
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The work herein reported was performed by my assistants as 
follows: Determination of total phosphoric acid, Messrs. Leonard 
R. Cooke and Firman Thompson; soluble and insoluble phosphoric 
acid, Messrs. Thorne M. Carpenter and H. D. Edmiston; potash and 
chlorin, Mr. M. H. Pingree; nitrogen, Mr. H. E. Wilson; computation 
of values and compilation of bulletin, Messrs. M. S. McDowell, T. M. 
Carpenter, W. M. Darrow, and Miss E. F. Jones, to each of whom my 
thanks are due for zealous co-operation. 

Very respectfully, 
WM. FREAR. 

State College, Pa., December 31, 1902. 
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LIST OF FERTILIZER MANUFACTURERS AND 


BRANDS OF 


1902: 


THE 


woe 


Coal ao Ol em 


FERTILIZERS LICENSED FOR 


SALE IN PENNSYLVANIA FOR THE YEAR 


ABBOTT & MARTIN RENDERING CO., No. 232 N. High Street, Co 


lumbus, Ohio. 


. “Ideal Grain Grower.” 

. “Peerless Bone and Potash.” 

. “Harvest King.” 

. “Abbott’s Tobacco and Potato Special.” 
. “New York Special.” 

. “Standard Phosphate.” 

. “Star Phosphate.” 

. “Benders Bone Meal.” 


AHRENS, C. K. Esterley, Pa. 


if 


“Bone Meal.’’ 


ALLEGHENY CITY FERTILIZER WORKS, Allegheny, Pa. 


1 
2 
3. “Potato Manure.”’ 

4. “Banner Phosphate.” 
5. 
6 
7 
8 
9 


“Pure Raw Bone Phosphate.” 
“Pure Raw Bone Meal.’’ 


“Dissolved Bone and Potash.” 


. “Odorless Lawn and Garden Plant Food.” 
. “Full Value Phosphate.” 

. “Butcher’s Bone Meal.” 

. “Bone Meal.”’ 

OE 
ials 
12. 


“Grain and Grass Phosphate.” 
“Special Potash and Phosphate.” 
“Acid Phosphate.” 


THE ALLENTOWN MANUFACTURING CO., Allentown, Pa. 


1 
2. 
3. “Complete Bone Phosphate.”’ 
4. “Special $25.00 Phosphate.” 

5. 
6 
7 
8 


AMERICAN REDUCTION CO., No. 1942 Forbes Street, Pittsburg, 
1G 

se Lrons Cityan 

. “Common Sense.’ 

. “Vegetable Manure.” 

. “Fine Ground Bone.” 


ore WwW hb 


“High Grade Truck and Garden Phosphate.”’ 
“High Grade Potato Phosphate.” 


“Phosphate and Potash.” 


. “Pure Ground Bone.” 

. “Acidulated Phosphate.” 
. “Economical Phosphate.” 
9. 


“Pure Bone and Meal.”’ 


“Pittsburg Guano.” 


12%. 
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THE AMERICAN AGRICULTURAL CHEMICAL CO., No. 326 Broadway, New 


WOT ONE ey. 


1. ‘Pure Ground Bone.” 

2. ‘Fine Ground Bone.” 

3. “Bone Meal.” 

4, “Muriate of Potash.” 

5. “Genuine German Kainit.” 
6. “Dissolved Animal Bone.” 
7. “Gem Alkaline Bone.” 


THE A. A. C. CO., BRADLEY’S BRANCH, P. O. Box 217, New York, N. Y. 


1. ‘“Bradley’s Dissolved Bone and Potash.” 
2. “Bradley’s Bean and Potato Phosphate.” 
3. “Bradley’s Soluble Dissolved Bone.” 

4. “Bradley’s Niagara Phosphate.” 

5. “Bradley’s Alkaline Bone with Potash.” 
6. ‘Bradley's B. D. Sea Fowl Guano.” 


THE A. A. C. CO., CANTON CHEMICAL BRANCH, P. O. Box 407, Baltimore, 


Md. 


. “Canton-Chemical Baker’s Fish Guano.” 
“Canton-Chemical Potato Manure.” 

. “Canton-Chemical B. G. Ammoniated Bone.” 
. “Canton-Chemical Resurgam Guano.” 


. “Canton-Chemical Eagle Phosphate.”’ 
. “Canton-Chemical Soluble Alkaline Bone.” 
11. ‘‘Canton-Chemical Soluble Bone and Potash.” 


Ee 
(SI 


. “Canton-Chemical C. C, C. Special Compound.” 
. “Canton-Chemical Baker’s Standard H. G. Guano.” 


. “Canton-Chemical Baker’s Special Wheat, Corn and Grass Mixture.” 
“Canton-Chemicai Harrow Brand Crop Grower.” 


12. ‘‘Canton-Chemical Baker’s Dissolved Bone Phosphate.” 
13. “Canton-Chemical Baker’s Dissolved S. C. Bone.” 


THE A. A. C. CO., CHICOPEE GUANO BRANCH, No. 88 Wall Street, New 


NWOrks Ne aye 


1. ‘Chicopee Farmer’s Reliable.” 
2. “Chicopee Standard Guano.” 


THE A. A. C. CO., CLARK’S COVE BRANCH, P. 


INGEYe 


. “Clark’s Cove Atlas Bone Phosphate.” 

. “Clark’s Cove Triumph Bone and Potash.” 

. “Clark’s Cove Defiance Complete Manure.” 
. “Clark’s Cove King Philip Alkaline Guano.” 
. “Clark’s Cove Potato and Hop Grower.” 


oe wD Re 


THE A. A. C. CO., CROCKER BRANCH, Buffalo, N. 


1. “Crocker’s General Crop Grower.” 

2. “Crocker’s Universal Grain Grower.” 

3. “Crocker’s Complete Manure.” 

4. “Crocker’s Complete New Rival Fertilizer.” 


O. Box 1779, New York, 
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. “Crocker’s Wheat and Corn Fertilizer.” 

. “Crocker’s Potato, Hop and Tobacco Fertilizer.” 
“Crocker’s Ammoniated Bone Super-Phosphate.” 

. “Crocker’s Dissolved Bone and Potash.”’ 

. “Crocker’s Dissolved Bone Phosphate.” 


THE A. A. C. CO., CUMBERLAND BRANCH, No. 27 William Street, New 
Work Noy. 


1. “Cumberland Dissolved Bone Phosphate.” 
2. “‘Cumberland Bone and Fotash.” 
3. “Cumberland Hawkeye Fertilizer.” 


THE A. A. C. CO., DETRICK BRANCH, No. 26 Chamber of Commerce, Balti- 
more, Md. 


. “Detrick’s Quickstep Bone Phosphate for Potatoes and Tobacco.” 
“Detrick’s Kangaroo Komplete Kompound.” 

“Detrick’s Royal Crop Grower.” 

“Detrick’s Standard Potash Fertilizer.” 

“Detrick’s Corn and Oats Fertilizer.” 

“Detrick’s Imperial Compound.” 

“Detrick’s Paragon Ammoniated Bone Phosphate and Potash.” 
. “Detrick’s P. & B. Special Fertilizer.” 

. “Detrick’s Bone and Potash (16x4) Mixture.” 

. “Detrick’s Soluble Bone Phosphate and Potash.” 

. “Detrick’s Dissolved 8. C. Bone.” 

. “Orchilla Guano.” 
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THE A. A. C. CO., GREAT EASTERN BRANCH, Rutland, Vt. 


1. “Great Eastern Northern Corn Special.” 

2. “Great Eastern Vegetable, Vine and Tobacco.” 

. “Great Eastern Wheat Special.” 

“Great Eastern General.” 

“Great Eastern English Wheat Grower.” 

“Great Eastern Soluble Bone and Potash.” 

. “Great Eastern Dissolved Bone.”’ 

. “Great Eastern Unammoniated Wheat Special.” 
. “Great Eastern High Grade Cabbage Grower.” 


THE A, A. C. CO., LAZARETTO GUANO BRANCH, Merchant’s Bank Building, 
Baltimore, Md. 


1. “Lazaretto Crop Grower.” 

2. “Lazaretto Bone Compound.” 

3. “Lazaretto Special Potato Fertilizer.” 

4. “Lazaretto Ammoniated Bone Phosphate.” 

5. “Lazaretto Excelsior A. A. A.” 

6. “Lazaretto Dissolved Bone and Potash.” 

7. “Lazaretto Dissolved Bone Phosphate.” 

8. “Lazarettc H. G. Dissolved Bone and Potash.” 
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THE A. A. C. CO., MARYLAND BRANCH, No. 30 8. Holliday Street, Baltimore, 
Md. 


. “Maryland Ammoniated Bone.” 

. “Maryland O. K. Ammoniated Fertilizer.” 

. “Maryland Alkaline Bone.” 

. “Maryland Linden Super-Phosphate.” 

. ‘Maryland Bono Super-Phosphate.”’ 

. “Maryland Dissolved 8. C. Phosphate.” 

. “Maryland Compound for Potatoes and Tobacco.” 
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THE A. A. C. CO., MICHIGAN CARBON WORKS BRANCH, Detroit, Mich. 


1. “Red Line Phosphate.” 

2. “Red Line Phosphate with Potash.” 

3. “Red Line Complete Manure.’’ 

4. “General Crop Fertilizer.”’ 

5. “Homestead “‘A’’ Bone Black Fertilizer.” 


THE A. A. C. CO., MILSOM BRANCH, East Buffalo, N. Y. 


1. “Milsom’s Erie King Fertilizer.” 

2. “Milsom’s Wheat, Oats and Barley Fertilizer.” 
3. ‘““Milsom’s Buffalo Guano.” 

4. “Milsom’s Buffalo Fertilizer.’’ 

5. “Milsom’s Potato, Hop and Tobacco Fertilizer.” 
6. “Milscm’s Corn Fertilizer.” 

7. ““Milsom’s Vegetable Bone Fertilizer.” 

8. ““Milsom’s Dissolved Bone and Potash.” 

9. ““Milsom’s Acid Phosphate.”’ 
10. ““Milsom’s Dissolved Bone Phosphate.” 


THE A. A. C. CO., MORO-PHILLIPS BRANCH, No. 708 The Bourse, Phila 
delphia, Pa. 


. “Moro-Phillips Pure Phuine.”’ 

. “Moro-Phillips Soluble Bone Phosphate.” 

. “Moro-Phillips Wheat Special.” 

. “Moro-Phillips Farmers’ Phosphate.” 

. “Moro-Phillips Farmers’ Potato Mixture.” 

. “Moro-Phillips Alkaline Bone Phosphate.” 

. “Moro-Phillips Special Fertilizer.” 

. “Moro-Phillips C. & G. Complete Fertilizer.” 
. “Moro-Phillips Standard Guano.” 
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THE A. A. C. CO., NIAGARA BRANCH, P. O. Box 189, Buffalo, N. Y. 


1. “Niagara Grain and Grass Grower.” 
2. “Niagara Wheat and Corn Producer.” 
3. ““Niagara Dissolved Bone and Potash.” 
4. “Niagara Dissolved Bone Phosphate.” 


THE A. A. C. CO., PACIFIC GUANO BRANCH, P. O. Box 2350, New York, N. Y. 


1. “Pacific Dissolved Bone Phosphate.” 
2. “Pacific Dissolved Bone and Potash.” 
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3. “Pacific A. No. 1 Phosphate.”’ 
4. “Pacific Nobsque Guano.” 
5. “Pacific Potato Phosphate.” 


THE A. A. C. CO., PACKERS UNION BRANCH, Rutland, Vt. 


1. “Packers Union Gardeners’ Complete Manure.” 

2. ‘Packers Union Animal Corn Fertilizer.” 

3. “Packers Union Potato Manure.” 

4. “Packers Union Universal Fertilizer.” 

5. “Packers Union American Wheat and Rye Grower.” 
6. “Packers Union Banner Wheat Grower.” 

7. ‘Packers Union Acidulated Bone.” 

8. “Packers Union Wheat, Oats and Clover.” 


THE A. A. C. CO., QUINNIPIAC BRANCH, No. 27 William Street, New York, 
IND YE 


. “Quinnipiac Soluble Dissolved Bone.” 

. “Quinnipiac Dissolved Bone and Potash.” 
. “Quinnipiac Mohawk Fertilizer.” 

. “Quinnipiac Climax Phosphate.” 


mob 


A. A. C. CO., READ BRANCH, No. 88 Wall Street, New York, N. Y. 


E 

1. “Read’s Standard Super-Phosphate.” 

2. “Read’s Leader Blood and Bone.” 

3. “Read’s Farmers’ Friend Super-Phosphate.” 
4. “Read’s Acid Phosphate (14 Per Cent.).” 
5. ‘Read’s Bone and Potash.” 


THE A. A. C. CO., REESE BRANCH, Equitable Building, Baltimore, Md. 


1. ‘‘Reese’s Standard.” 

2. “Reese’s Potato Phosphate.” 

3. ““Reese’s Mayflower.” 

4. “Reese’s Potato Manure.” 

5. “Reese’s Ammoniated Bone Phosphate Mixture.” 
6. ‘““Reese’s Harvest Queen.” 

7. “Reese’s Pilgrim Fertilizer.” 

8. “Reese’s Challenge Crop Grower.”’ 

9. “Reese’s Half and Half.” 

10. ‘‘Reese’s High Grade Potash Mixture, 12x65.” 
11. ‘“Reese’s Crown Phosphate and Potash.” 

12. ‘“‘Reese’s Grass and Grain.” 

13. ““Reese’s Wheat Special.” 

14. ‘““Reese’s Dissolved Phosphate of Lime.” 

15. ““Reese’s Elm Phosphate.” 


THE A. A.C. CO., SHARPLESS & CARPENTER BRANCH, No. 124 S. Delaware 
Avenue, Philadelphia, Pa. 


. “Sharpless & Carpenter Corn and Truck Guano.” 

. “Sharpless & Carpenter Farmers’ Imp. Potato Manure.” 

. “Sharpless & Carpenter Gilt Edge Potato and Tobacco Manure.” 
. “Sharpless & Carpenter No. 1 Bone Phosphate.” 
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“Sharpless & Carpenter Royal Spring Mixture.” 


. “Sharpless & Carpenter Soluble Bone and Potash.” 

. “Sharpless & Carpenter Farmers’ Bone Phosphate.” 

. “Sharpless & Carpenter Dis. Bone Phos. for Potatoes and General Use. 
. “Sharpless & Carpenter No. 2 for Grain and Grass.” 

. “Sharpless & Carpenter Soluble Tampico Guano.” 

. “Sharpless & Carpenter Acid Phosphate.” 


A. A. C. CO., STANDARD BRANCH, No. 40 Exchange Place, New York, 
ING 


. “Standard Dissolved Bone Phosphate.”’ 
. “Standard Bone and Potash.” 

. “Standard “A” Fertilizer.”’ 

. “Standard Guano.” 


A. A. C. CO., SUSQUEHANNA BRANCH, Cor. South and Water Streets. 
Baltimore, Md. 


. “Susquehanna Potato Phosphate.” 
. “Susquehanna Pure Bone Phosphate.” 
. “Susquehanna Ammoniated Bone Phosphate.” 


“Susquehanna XXV Phosphate.” 


. “Susquehanna Crop Grower.” 

. “Susquehanna High Grade Bone and Potash.” 
. “Susquehanna Alkaline Bone Phosphate.” 

. “Susquehanna Superior Rock Phosphate.” 

. “Susquehanna Soluble Bone Phosphate.” 


A. A. C. CO., TYGERT-ALLEN BRANCH, No. 708 The Bourse, Phila- 
delphia, Pa. 


. “Tygert-Allen Star Guano.”’ 


“Tygert-Allen Star Potato Grower.” 
“Tygert-Allen Star Dissolved Bone Phosphate.” 


. “Tygert-Allen Star Soluble Bone and Potash.” 
. “Tygert-Allen Star Bone Phosphate.” 
. “Tygert-Allen Standard Bone Phosphate.” 


“Howitz’s Acid Phosphate.” 


. “Allen’s Popular Phosphate.” 

. “Allen’s Special Brand Pctato Manure.” 
. “Allen’s Special for Wheat and Grass.” 
. “Allen’s Nitro Phosphate.” 

. “Allen’s Alkaline Bone Phosphate.” 
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“Yearsley’s Philadelphia Standard Phosphate.” 


A. A. C. CO., M. E. WHEELER & CO. BRANCH, Rutland, Vt. 


“Wheeler’s Corn Fertilizer.” 


. “Wheeler’s Potato Manure.” 


“Wheeler’s Superior Truck.” 

““Wheeler’s Royal Wheat Grower.” 
“Wheeler’s Wheat and Clover Fertilizer.” 
“Wheeler’s Electrical Dissolved Bone.” 


- “Wheeler’s Unammoniated Wheat Grower.” 
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THE A. A. C. CO., WILLIAMS & CLARK BRANCH, No. 27 William Sireet, New 
Yorks Noo. 


1. ‘Williams & Clark Acorn Acid Phosphate.” 

2. “Williams & Clark Dissolved Bone and Potash.” 

3. “Williams & Clark Prolific Fertilizer.” 

4. “Williams & Clark Royal Bone Phosphate.” 

5. “Williams & Clark Americus High Grade Special.” 

6. ‘‘Williams & Clark Americus Universal Ammoniated Dis. Bone.” 
7. ‘Williams & Clark Good Grower Potato Phosphate.” 


THE A. A. C. CO., ZELL GUANO BRANCH, No. 32 South Street, Baltimore, Md. 


1. “Zell’s Special Compound for Potatoes and Vegetables.” 
2. “Zell’s Ammoniated Bone Super-Phosp hate.” 

3. “Zell’s Hustler Phosphate.” 

4. “Zell’s Economizer Phosphate.” 

5. “Zell’s Little Giant.” 

6. “Zell’s Dissolved Bone Phosphate and Potash.” 

7. “Zeli’s Electric Phosphate.” 

8. ‘‘Zell’s Dissolved Bone Phosphate.” 
ANSTINE, A., Stewartstown, Pa. 


1. ‘‘Bone Phosphate.” 


THE ARMOUR FERTILIZER WORKS, No. 265 LaSalle Street, Chicago, ii: 


1. ‘Bone Meal.” 

2. “Raw Bone Meal.” 

3. “Phosphate and Potash.” 

4. ‘Wheat, Corn and Oats Special.” 
5. “Ammoniated Bone and Potash.” 
6. “Fruit and Root Crop Special.” 
7. “All Soluble.” 

8. “Bone, Blood and Potash.” 

9. ““Armour’s Royal Amm. Bone.” 
10. ‘High Grade Potash.” 

11. “Grain Grower.” 

12. ‘Star Phosphate.” 

13. “Cereal Phosphate.” 

14. “Phosphate and Potash No. 2.” 
15. ““Armour’s Wheat Special.” 

16. “Special Mixture.” 


AUCKER, R. S., Shamokin, Pa. 


1. “Bone Meal.” 

2. “Bone Meal with Potash.” 

3. “High Grade Bone and S. H. Phosphate.” 

4. “Grade A. Bone and Slaughter House Phosphate.”’ 
5. “Grade B. Bone and Slaughter House Phosphate.” 
6. “Grade D. Bone and Slaughter House Phosphate.”’ 
7. “Grade E. Bone and Slaughter House Phosphate.” 
§. “Economy Potash Phosphate.” 

9. “High Grade Acid Phosphate.” 
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BALTIMORE PULVERIZING COMPANY, Nos. 18 and 15 North Street, Balti- 
more, Md. 


. “Penniman’s Excelsior Fertilizer.” 
“Farmer’s Favorite Fertilizer.” 

. “Special Spring and Fall Mixture.” 
“Penniman’s Special Guano.” 

. “Truckers’ Choice.” 

. “South Carolina Bone Phosphate.” 


BARTENSCHLAGER, J. H., Stewartstown, Pa. 
1. ‘“Bartenschlager’s Champion Bone Phosphate.”’ 


BAUGH & SONS COMPANY, No. 20 S. Delaware Avenue, Philadelphia, Pa. 


1. ‘“‘Baugh’s Bone Meal, Warranted Pure.” 

2. “Baugh’s Pure Dissolved Animal Bone.” 

3. “Export Bone with Potash.”’ 

4. “Baugh’s Animal Bone and Potash—Compound for all Crops.” 
5. “The Twenty-five Dollar Phosphate.” 

6. ““Baugh’s Double Eagle Phosphate.” 

7. “Baugh’s General Crop Grower—For all Crops.” 

8. “Baugh’s Soluble Alkaline Super-Phosphate.” 

9. “Baugh’s Wheat Fertilizer—For Wheat and Grass.”’ 

10. ‘““Baugh’s Potato Fertilizer.” 

11. ‘““Baugh’s Corn Fertilizer—For Sugar Corn and Garden Truck.”’ 
12. “The Wrapper Leaf Brand—A Special Manure for Seed Leaf Tobacco.” 
13. “Baugh’s Special Potato Manure.” 

14. ‘““Baugh’s High Grade Acid Phosphate.” 

15. “Baugh’s Ammoniated Soluble Alkaline.” 


BAUGHMAN, WILLIAM F., Rinely, Pa. 


Pac Ee special.7, 
2. ‘““Ammoniated Bone Phosphate.”’ 
3. “Harvest Queen Phosphate.” 


BAXTER, H. V., Chester, Pa. 


1. ‘Pure Ground Bone.” 
2. “IXL Phosphate.” 


BERG COMPANY, THE, Port Richmond, Philadelphia, Pa. 


. “Berg’s Special Potato Guano.” 

“Berg’s Lymph Guano for all Crops.” 

. “Berg’s $35.00 Potato Manure.” 

“Berg’s Standard Bone Manure.” 

“Berg’s Pure Dissolved Bone and Potash.’ 
“Berg’s Pure Raw Bone Fine.” 

. “Berg’s Special $25.00 Bone Manure.”’ 

. “Berg’s Truckers’ Jay Guano.” 
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BERGER BROTHERS, Easton, Pa. 


1. “Berger Bros. H. G. Acid Phosphate.” 
2. “‘Peerless.”’ 


BIRELY, A. D. & SONS, Ladiesburg, Md. 


1. “Ammoniated Bone Phosphate.” 
2. “Special Mixture, Wheat and Grass.” 
3. “Dissolved Animal Bone and Potash.” 
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3. “Wheat and Grass.” 
. “Lehigh Super-Phosphate.” 
. “Potato and Truck.” 


or We 


BLAKER, A. H., & CO., Fox Chase, Philadelphia, Pa. 


1. “Bilaker’s Acid Phosphate.” 

2. “Biaker’s Special for General Use.” 
3. “Biaker’s Special for Potatoes.” 

4. “Blaker’s Ground Bone.” 


BLOCHER, D., & CO., Gettysburg, Pa. 


1. “Dissolved Raw Bone and Potash.” 

2. “High Grade Super-Phosphaie ci Bone.” 
3. “Ammoniaied Soluble Bone Phosphaie.” 
4. “Alkaline Bone.” ; 

5. “Dissolved Bone Phosphaie.” 


BONDAY, JAMES, JR., & CO., No. 302 Merchants’ Bank Building, Baltimore, 
Md. 


1. “Sulphate of Potash.” 
2. “Muriatie of Poiash.” 
3. “German Kainit—Old Reliable Brand.” 


BOWKER FERTILIZER COMPANY, THE, No. 43 Chatham Sireei, Bosion, 
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1. “Stockbridge Potaio and Vegeiable Manure.” 
2. “Bowker’s Potash or Staple Phosphate.” 
3. “Bowker’s Sure Crop Phosphaie.” 
4. “Bowker’s Ammoniaied O. L. O.” 
5. “Bowker’s Super-Phosphate and Poiash.” 
6. “Bowker’s Apex Phosphate.” 
7. “Bowker’s Dissolved Bone Phosphate.” 
&. “Bowker’s 6 Per Cent. Potato Fertilizer.” 
8. “Bowker’s Potash Bone.” 
10. “Bowker’s Empire State Bone Phosphate.” 
il. “Bowker’s Hill and Drill Phosphate.” 
12. “Bowker’s Farm and Garden Phosphate.” 
13. “Bowker’s Wheat Grower.” 
14. “Bowker’s Market Garden.” 


15. “Bone Meai.” 


BRADLEY & GREEN FERTILIZER CO., Ninth Street and Girard Avenue, 
Philadelphia, Pa. 


1. “Potato Guano No. 1” 

2. “Harvest Home.” 

3. “High Grade Acid Phosphate.” 

4. “Popular Phosphate—Special for Wheat.” 

5. “Standard Bone Phosphate—For Corn, Wheat and Peas.” 
6. “Larket Garden.” 

7. “Seven Per Cent. Ammoniated Guano.” 
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BRILLINGER, HORACE, Emigsville, Pa. 


1. “Brillinger’s Special Wheat, Corn and Grass Mixture 
2. “Standard High Grade Phosphate.” 


BRODBECK, S. M., Brodbecks, Pa. 
1. “Standard.” 
2. “Reliable.” 
3. “Alkaline.” 
4. “Ruth Dissolved Bone.” 


BROMFIELD & FOSTER, Colora, Md. 


1. “Potato Phosphate.” 
2. “B. F. Ammoniated Bone.” 


BROWN, J, W., Tilden, York County, “a. 
1. “No. 7. Compound Fertilizer.” 


BRUBACHER, ELIAS S&., Millbach, Pa. 
1. “Wheat and Grass Special.” 


BUCYRUS FERTILIZER CO., THE, Bucyrus, 0. 


1. “Superior Pure Ground Bone.” 
2. “Bucyrus Bone Meal.” 

3. “Bucyrus Guano.” 

4. “Buckeye Wheat Grower.’’ 

5. “Potter’s Standard Phosphate.” 
6. “Natural Plant Food.” 

7. “Dissolved Bone.” 

8. “Acid Phosphate.” 


CAMBRIA FERTILIZER COMPANY, Johnstown, Pa. 


“Pure Fine Ground Bone Dust.” 
“Lion Ammoniated Bone Phosphate.” 
. “Standard Phosphate.” 

. “Corn and Potato Manure.” 

. “B. & B. Phosphate.” 


CARROLL, G. & W. H., Plymouth Meeting, Pa. 
1. “C. Prepared Lime and Potash” 


CHICAGO FERTILIZER CO., THE, Security Building, Chicago, II. 


1. “Mt. Pleasant Phosphate.” 
2. “No. 1 Acid Phosphate.”’ 

3. “Bone, Blood and Potash.” 
4. “Potash Special.” 

5. “Corn and Wheat Special.” 


CINCINNATI PHOSPHATE CO., THE, Cincinnati, O. 


1. “Capitol Wheat Grower.” 

. “Capitol Grain and Grass Grower.” 

. “Capitol Dissolved Bone and Potash.”’ 
. “Capitol Super-Phosphate.”’ 

. “Capitol Tobacco Food.” 

. “Capitol Ground Bone.” 
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COE COMPANY, E. FRANK, No. 133 Front Street, New York, N. Y. 


1. “High Grade Soluble Bone.”’ 

2. “XXV Phosphate. (Ammoniated Bone.)” 
3. “Prize Brand Grain Fertilizer.” 

4. “Special Dissolved—Bone and Potash.” 
5. “High Grade Acid Phosphate.” 

6. “Pennsylvania Grain Special.” 

7. “Columbian Corn Fertilizer.” 

8. “Columbian Potato Fertilizer.” 

9. “XXX Acid Phosphate.” 


COPE, HENRY, & COMPANY, Lincoln University, Pa. 


. “Acid Phosphate.”’ 

. “Soluble Bone and Potash.” 
“Ammoniated Bone Phosphate.” 

“Pure Bone Phosphate.” 

“Potato and Corn Phosphate.” 

“Dead Shot Phosphate.” 

“Pure Ground Bone.” 

“Queen of Elk Valley.” 

. “Wheat Grower and Complete Manure.” 
. “High Grade Soluble Bone and Potash.” 
. “Pure Steamed Bone.” 
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COPE, JOSIAH & COMPANY, Lincoln University, Pa. 


1. “Pure Bone Phosphate.” 

2. “Try Me Bone Phosphate.” 

3. “Ammoniated Bone Phosphate.” 
4. “Wheat and Grass Special.” 
5. “Potato and Tobacco Phosphate.” 

6. ““Acidulated Phosphate.” 

7. “Soluble Bone and Potash.” 

8. “Ground Steamed Bone.” 

9. “Ground Raw Bone.” 

10. ‘“High-Grade Soluble Bone and Potash.” 


CRANSTON COMPANY, J. A., Wilmington, Del. 


1. ‘“W. B. Raw Bone Super-Phosphate.” 
2. ‘Pennsylvania Super-Phosphate.” 

3. “Horse Shoe Soluble Bone.” 

8. ‘“Horse-Shoe Soluble Bone.” 


DARON, E., Dover, Pa. 


1. “Daron’s Harvest King Bone Phosphate.” 


DICKBEY, J. SCOTT, No. 630 Prince Street, Lancaster, Pa. 


1. “Dickey’s Pulverized Tobacco Stem Fertilizer. 
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DOWNWARD & COMPANY, JAMES G., Coatesville, Pa. 


1. “Ammoniated Bone Phosphate.” 
2. “Soluble Bone and Potash.” 

3. ‘Wheat and Grass Fertilizer.” 
4. “Acid Phosphate Rock.” 

5. “Royal Bone Phosphate.” 

6. “Special Potato Phosphate.” 

7. “Special Corn Manure.” 

. “Pure Ground Bone.” 

. “Pioneer Raw Bone Phosphate.” 
10. “Special Asparagus Mixture.” 
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DUNGAN, WALLACE, Doylestown, Pa. 
1. ‘“Pebel Hill Home Made Animal Bone Mixture.” 
2. “Bone Flour.’ 
EASTERN CHEMICAL COMPANY, No, 620 Atlantic Avenue, Boston, Mass 


1. “Imperial Liquid Plant Food.” 


EBY, AMOS, Lehman Place, Pa. 


. “Pequea Bone.” 

. ‘“Pequea Economy.” 

. “Pequea Ammoniated.”’ 

. “Pequea Bone for Potatoes.” 
. “Farmers’ Mixture.” 
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EUREKA FERTILIZER COMPANY, Perryville, Md. 


1. ‘Farmers’ Favorite Bone Phosphate.” 
2. “Standard Bone Phosphate.” 

3. “Grain and Grass Mixture.” 

4. “Corn and Potato Speciul.” 

5. “P. & P. Super-Phosphate.”’ 

6. “Potato and Vegetable- Fertilizer.” 
7. “Imperial Bone Phosphate.” 

8. “Fish, Rock and Potash.” 

9. “Alkaline Bone and Potash.” 

10. “Ground Bone.” 

11. ‘Eureka Complete Fertilizer.” 

12. ‘‘Wrapper Leaf for Tobacco.” 


EWING, WASHINGTON, Landenberg, Pa. 


1. “Pure Raw Bone.” 
2. “Eclipse Raw Bone Phosphate.” 
3. ““‘Waste Land Potato Phosphate.” 


FAIRLAMB, R. C., & SONS, Brandywine Summit, Pa. 


1. “Potato Special.” 
2. “Corn Special.” 
3. ‘‘Wheat and Grass Special.” 
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FARMERS’ FERTILIZER COMPANY, Westminster, Md. 


1. “No. 3 Bone Phosphate.” 
2. “XX Bone Phosphate.” 

3. “Carroll Bone Phosphate.” 
4, “P. A. & P. Phosphate.”’ 

5. “Acid Phosphate.’’ 


FARMER, W.S., & CO., No. 21 S. Gay Street, Baltimore, Md. 


1. “Standard Phosphate.” 

. “Harvest Queen Phosphate.’’ 
“Clyde Brand Phosphate.” 

. “B. & P. Phosphate.” 

. “Dissolved S. C. Bone.” 
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FOGLEMAN, W. H., Williamsport, Pa. 


1. “Pure Bone and Potash.” 


FRETZ, MAHLON, Sellersville, Pa. 
1. ‘‘Fretz’s Standard Bone Phosphate,” 


FULTON, JAMES, & SONS CO., Stewartstown, Penna. 


1. “Fulton’s Corn and Wheat Fertilizer.” 


GAWTHROP, JOSEPH R., Kennett Square, Pa. 


1. “Fine Ground Raw Bone Meal.” | 
2. “Champion Bone Fertilizer for Wheat and Grass.” 
3. “Complete Ammoniated Bone Phos. for Corn, Oats, Potatoes and Wheat.” 
4. “Acid Phosphate Rock.” 
GLICK, I. N., R. F. D. No. 6, Lancaster, Pa. 


1. “Up to Date Grain and Grass Grower.” 


GRIFFITH & BOYD, No. 9 S. Gay Street, Baltimore, Md. 


1. “Cereal Bone Plant Food.” 

2. “Valley Fertilizer.” 

3. “Peerless Fertilizer.” 

4. “High Grade Acid Phosphate.” 

5. “Harvest Queen Phosphate.” 

6. “XX Potash Mauure.”’ 

7. “Original Super-Phosphate.”’ 

8. “Farmers’ Potato Manure.” 

9. “Ammoniated Bone Phosphate.” 
10. ““Farmers’ Improved Phosphate.”’ 
11. “Double Strength Tobacco Grower.” — 
12. “Spring Crop Grower.” 

13. “Pure Fine Ground Bone Meal.” 
14. “Fish, Bone and Potash.” 

15. “Special Grain Grower.” 

16. “Royal Potash Guano.” 


17. “Stable Manure Substitute.” 
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GROVH, A. M., & CO., Muddy Creek Forks, Pa. 
1. “A, M. G. & Co’s Standard Bone Phosphate.”’ 


HAG 


BR, H. F., Quakertown, Pa. 


1. ‘‘Hager’s Ammoniated Super-Phosphate.”’ 
2. “Panic Phosphate.” 
3. “Farmers’ Favorite Phosphate.” 


HANOVER FERTILIZER COMPANY, N. E. Cor. Gay and Lombard Streets, 


Baltimore, Md. 


1. “Dissolved S. C. Rock.” 

2. “Royal Bone and Potash.” 

3. ‘“‘Farmers’ Crop Winner.” 

4. “Blood and Bone Compound.” 

5. “Excelsior Combine.”’ 

6. “Klondyke Special.” 

7. “Pure Bone Meal.” 

8. “High Grade Bone Potash. 

9. “Dissolved Raw Bone.” 
HARDY PACKING COMPANY, THE, No. 189 Madison Street, Chicago, III. 

1. ‘‘Hardy’s Crop Producer.”’ 

2. “Hardy’s Tankage, Bone and Potash.’’ 

3. ““Hardy’s Potash Fertilizer.”’ 

4. “Hardy’s Phosphate and Potash.” 
HARTRANFT, FRANK, Coatesville, Pa. 
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“Ground Bone.’’ 
. “Coon Bone Phosphate.” 
. “Ammoniated Bone Phosphate.” 


. “Special Phosphate.” 


2 
3 
4, “Potato Phosphate.” 
5 
6 


. “Acid Phosphate.” 


HASTINGS, WILLIAM &., & SON., Atglen, Pa. 


1 
2 
3. 
4 
5 


. “Clear Acid Phosphate.” 

. “Atglen Corn and Potato Guano.” 
“Grain and Grass Special.” 

. “Soluble Bone and Potash.” 

. “Octararo No. 1 Bone Phosphate.” 


HESS, S. M., & BRO., S. E. Cor. Fourth and Chestnut Streets, Philadelphia, Pa. 


10. 
1 


if 
2 
3 
4 
5. 
6 
6 
8 
9 


. “Ammoniated Bone Super-Phosphate.” 
. “Keystone Bone Phosphate.” 
. “Wheat and Grass Manure.” 
. “Emperor Phosphate.” 
“Potato and Truck Manure.” 
. “High Grade Acid Phosphate.” 
. “Ground Bone.” 

. “Special Compound.” 

. “Special Corn Manure.” 
“Special Potato Manure.” 
“Soluble Bone.”’ 
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13. 
14. 
15. 
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“Soluble Bone and Potash.” 
“Tobacco Manure.” 

“Fish and Potash Manure.” 
“The Scientific Manure.’ 


HOFFMAN, P., & BRO., Raubsville, Pa. 


ile 


9 
a. 


“Potato Phosphate.” 
“King Phosphate.” 


HEWETT FERTILIZER COMPANY, THE, Scranton, Pa. 


q: 


“Pure Ground Bone.”’ 


Off. Dec. 


HUBBARD & COMPANY, M. P., & CO., No. 612 Equitable Building, Balti- 


oO 


more, Md. 


. “Hubbard’s Bermuda Guano.”’ 


“Celebrated Dissolved Bone Phosphate for General Use.” 
“Farmers’ Acme.” 

“Farmers’ Old Economy.” 

“High Grade Soluble Bone and Potash.” 


. “Hubbard’s Excelsior Bone Phosphate.” 
. “Pennsylvania Special Potato Grower.” 
. “H. S. Soluble S. C. Phosphate.” 


HUBBARD FERTILIZER COMPANY, THE, No. 708 Merchants’ Bank Building, 


INDEX COMPANY, THE, No. 426 N. Third Street, Philadelphia, Pa. 


Baltimore, Md. 


“Hubbard’s Standard Bone Super-Phosphate.”’ 


. “Hubbard’s Royal Ensign—For Early Market Vegetables.” 


“Hubbard’s Farmers’ [XL Super-Phosphate.” 


. “Hubbard’s Wheat Grower’s Jewel.” 

. “Hubbard’s Oriental Phcsphate.” 

. “Hubbard’s Columbia Gem Phosphate.’’ 

. “Hubbard’s Soluble Bone and Potash.” 

. “Hubbard’s High Grade Soluble Tennessee Phosphate.” 
. “Hubbard’s Trucker’s 7 Per Cent. Royal Seal Compound.” 


“Radix Fertilizer.” 


1 
2. “Index Bone Phosphate.” 
3. “Index Ground Bone.” 

4. “Index Bone Meal.” 

5; 
6 
U 
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“Index Bone Flour.” 


. “Spiro Bone Meal.’’ 
. “Michell’s Bone Phosphate.” 
. “Michell’s Pure Bone Meal.” 


INTERNATIONAL SEED COMPANY, Rochester, N. Y. 


1 
2. 
3. 


“International Grain and Grass Fertilizer.” 
“International Potato and Truck Manure.” 
“International A. L. Special Manure.” 


No. 6. DEPARTMENT OF AGRICULTURE. 


JARECKI COMMERCIAL COMPANY, Sandusky, Ohio. 


1. “Lake Erie Fish Guano.” 

2. “Fish and Potash Grain Special.” 

3. “Number One Fish Guano.” 

4. “C. O. D. Phosphate.” 

5. “Pure Ground Bone.” 

6. “St. Bernard Phosphate.” 

7. “Dissolved Bone Black Wheat Special.”’ 

8. “Fish and Potash Potato and Tobacco Food.” 
Se Ol Ke Hertilizer:. 

10. “Dissolved Bone with Potash.” 


JONES, W. C., SONS, Doe Run, Pa. 


1. “High Grade Dissolved S. C. Rock.” 
2. “‘Dissolved Bone Phosphate.”’ 


KENDERDINEH, T. S., & SONS, Newtown, Pa. 
1. ‘““Kenderdine’s Potato Phosphate.’’ 
2. “‘Kenderdine’s Bone Phosphate.” 
3. ‘““Kenderdine’s Ammoniated Phosphate.” 


KUHNS, DAVID, Lehighton, Pa. 
1. “Pure Ground Bone Meal.” 


KURTZ & STUNKARD, Green Bank, Pa. 


1. “Conestoga Regulator.” 
2. “Conestoga Fancy.” 


LACKAWANNA FERTILIZER & CHEMICAL CO., Moosic, Pa. 


1. ‘““Moosic Phosphate.” 

2. “Special Manure.” 

3. “Our Admiral Dewey.” 

4. “Bone Super-Phosphate.”’ 

5. “Alkaline Bone.” 

6. ‘““Warranted Pure Ground Bone.” 
7. “Acid Phosphate.” 

SeeBis Wield?’ 

9. “Wyoming Guano.” 

10. “Kali Chief.” 


LANCASTER CHEMICAL COMPANY, Lancaster, Pa. 


1. “Tobacco and Vegetable.” 

2. “Dewey Brand.”’ 

3. “Pure Dissolved Animal Bone and Potash.”’ 
4. “Rising Sun Animal Bone.” 

5. ““Pure Dissolved Animal Bone.” 
6. “Flag Brand.” 

7. “Hard Times Fertilizer.” 

8. “Economist.” 

9. ‘“‘Acid Phosphate.” 

10. “Keystone Brand.” 

11. “Alkaline Bone.”’ 

12.-“Bone Meal.” 

13. “Special Potato Manure.” 
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LEBERNIGHT, B. F., Red Lion, Pa. 


1. “Lebernight’s Standard Ammoniated Bone Phosphate.” 


LEIB, J. C., & Co., Stewartstown, Pa. 


1. “Gemmills Mixture.” 


LETHERBURY, D. A., Chester, Pa. 
1. “Chester Brand Bone Phosphate.” 


LEVAN, DANIEL, Lebanon, Pa. 


1. “Wheat and Grass Special.” 
2. “Keystone Bone Fertilizer.” 
3. “Bone and Potash Compound.” 


LISTER’S AGRICULTURAL CHEMICAL WORKS, Newark, N. J. 


1. “‘Lister’s Animal Bone and Potash.” 

2. “‘Lister’s Animal Bone and Potash No. 2.” 

8. “Lister’s Corn and Potato Fertilizer.” 

4. “Lister’s Success Fertilizer.” 

5. “‘Lister’s Standard Pure Bone Super-Phosphate.”’ 
6. “‘Lister’s Potato Fertilizer No. 2.” 

7. “Lister’s Special Wheat Fertilizer.” 

8. “Lister’s Special 10 Per Cent. Potato Fertilizer.” 
9. ‘‘Lister’s “G’’ Brand.” 

10. “‘Lister’s Special Crop Producer.” 
11. “Lister’s Ammoniated Dissolved Bone Phosphate.” 
12. “Lister’s Harvest Queen Phosphate.” 

138. “Lister’s Potato Manure.” 

14. “‘Lister’s U. S. Super-Phosphate.”’ 

15. ‘‘Lister’s Alkaline Bone.” 

16. ‘“Lister’s 3—6—10 for Potatoes.”’ 

17. “Lister’s Celebrated Ground Bone Acidulated.” 
18. “Lister’s Pure Raw Bone Meal.” 


McCALMONT & CO., Bellefonte, Pa. 
1. “McCalmont & Co’s. $25.00 Ammoniated Bone Super-Phosphate.” 


MAPES FORMULA AND PERUVIAN GUANO CO., No. 143 Liberty Street, New 
York; N. Y. 


. “Mapes Potato Manure.”’ 

. “Mapes Tobacco Starter Improved.” 

. “Mapes Tobacco Manure (Wrapper Brand).”’ 

. “Mapes Fruit and Vine Manure.” 

“Mapes Vegetable Manure or Complete Manure for Light Soils.” 
. “Mapes Average Soil Compound Manure.” 

. “Mapes Economical Potato Manure.” 

. “Mapes Cauliflower and Cabbage.” 

. “Mapes Corn Manure.” 

. “Mapes Complete Manure, “A” Brand.” 
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No. 6. DEPARTMENT OF AGRICULTURE. 


11. “Mapes Complete Manure for General Use.” 

12. “Mapes Ammoniated Dissolved Bone with Potash.” 
18. ‘““Mapes Cereal Brand.” 

14. “Mapes Grain Brand.” 

15. “Mapes General Crop Brand.”’ 

16. “Mapes Top Dresser Improved—Half Strength.” 


MARKEL, NOAH, Seitzland, Pa. 


1. ““Markel’s Ammoniated Bone Phosphate.” 
2. ““Markel’s Potato Grower.” 
3. ‘““Markel’s Electric Phosphate.”’ 


MARTIN CO., THE D. B., 1204 Land Title Building, Philadelphia, Pa. 


1. “Special Dissolved Bone and Potash Compound.” 
2. “Claremont Dissolved Bone and Potash.” 

3. ‘“Pure Dissolved Animal Bone.” 

4. “Ground Bone.” 


MEHRING, FREDERICK, Bruceville, Pa. 


1. “Dissolved Raw Bone.” 

2. ““Twenty-six Dollar Phosphate.” 
3. “General Crop Grower.” 

4. “Acid Phosphate.” 
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MILLER FERTILIZER COMPANY, No. 411 E. Pratt Street, Baltimore, Md. 


1. “‘Ammoniated Dissolved Bone.” 
2. “Harvest Queen.” 

3. “Special Potato.”’ 

4. “Hustler Phosphate.” 

5. ““W. G. Phosphate.” 

6. “Standard Phosphate.” 

7. “Clinch Phosphate.” 

8. “South Carolina Rock.”’ 


MORRIS, NELSON & CO., Union Stock Yards, Chicago, I11. 


1. “Big Two. Pure Bone Meal.” 
2. “Big Three. Bone Phosphate.” 
3. “Big Four. Bone Phosphate.” 
4. “Big Five. Bone Phosphate.” 


MOWREY LATSHAW HARDWARE CO., THE, Spring City, Pa. 
1. “Red Clover Brand.” 


NASSAU FERTILIZER CO., No. 5 Beaver Street, New York, N. Y. 


. “Soluble Bone and Potash.” 

. “Grass and Grain Fertilizer.” 
“Potash and Phosphate.”’ 
“Wheat and Grass Grower.” 
. “General Favorite.” 


ot ye go Po 
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6. ‘‘Nassau Practical.” 
7. “Common Sense Fertilizer.”’ 
8. “‘The Harvester.” 
9. “Plow Brand.” 

10. ‘““Raw Ground Bone.” 

11. ‘“‘Acid Phosphate.” 

12. “Muriate of Potash.” 


NELLER, AUG., & CO., Stewartstuwn, t’a 


1. “Prolific Phosphate.” 
2. “Special Compound Phosphate.” 


NEW JERSEY AGRICULTURAL CHEMICAL CO., Newark, N. J. 


. “Potato Manure.” 

. “Champion.” 

. “Russell’s Ground Bone.” 

“Russell’s Ammoniated Dissolved Bone Phosphate.” 
. “Russell’s Special Corn Manure.” 

. “Harvest Queen.” 


NEWPORT, WILLIAM C., CO., Willow Grove, Pa. 


1. ‘“Evan’s Brand Potato and Tobacco Manure.” 
2. “Rectified Phosphate.” 

3. “Gilt Edge Potato Manure.” 

4. “Fish, Bone and Potash.” 

5. ‘Farmers’ Ammoniated Bone Phosphate.” 

6. “Grain and Grass Special.” 

7. “Soluble Bone and Potash.” 

8. “Acid Phosphate.”’ 

9. “Bone Meal.” 

10. ““Newport’s Special Compound for Wheat and Grass.” 
11. ““No. 1 Bone Phosphate.” 

12, “Truckers” Joy.” 

13. ‘Potato, Tobacco and Truck Guano.” 


OBER, G., & SONS, No. 33 S. Gay Street, Baltimore, Md. 


1. “Ober’s Special Plant Food.” 

2. “Ober’s Farmers’ Mixture.” 

3. “Ober’s Dissolved Bone Phosphate and Potash.” 

4. “Ober’s Dissolved Bone Phosphate.” 

5. “Ober’s Independent Ammoniated Super-Phosphate.” 


OHIO FARMER®D’ FERTILIZER Co., Columbus, O. 


. “Acid Phosphate.” 

. “Superior Phosphate.” 

. “Soluble Bone and Potash.” 

. “General Crop and Fish Guano.” 
“Corn, Oats and Wheat Fish Guano.” 
. “Wheat Maker and Seeding Down.” 
“Wine Ground Bone Meal.” 
“Ammoniated Bone and Potash.” 
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OSCEOLA FERTILIZER COMPANY, Osceola Mills, Pa. 


1. “Pie Brand Ground Bone.” 
2. “Ideal Manure.” 


OWENS, W. C., Philipsburg, Pa. 


1. “Owens’ Ammoniated Phosphate.” 


PATAPSCO GUANO COMPANY, P. O. Box 213, Baltimore, Md. 


. “Patapsco Pure Ground Bone.” 

“Patapsco Soluble Bone and Potash.” 
“Patapsco Fish Guano.” 

“Patapsco Special Wheat Compound.” 

. “Sea Gull Guano.” 

“Coon Brand Guano.” 

“Baltimore Soluble Phosphate.” 

. “Patapsco Dissolved S. C. Bone.” 

. “Grange Mixture.” 

. “Patapsco Grain and Grass Producer.” 
11. “Patapsco Early Trucker.” 

12. ““Patapsco Tobacco and Potato Fertilizer.” 
13. ‘““‘Patapsco Corn and Tomate Fertilizer.” 
14. “Patapsco High Grade Bone and Potash.”’ 
15. “Battle Ax Phosphate.” 


want n ore ow rm 
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PATTERSON FERTILIZER CO., No. 4025 Market Street, Philadelphia, Pa. 


1. “Patterson’s Mineral Compound.”’ 


PENNSYLVANIA AMMONIA AND FERTILIZER CoO., LIM., Harrisburg, Pa. 


. “Potaic, Vegetable and Tobacco.” 
“Dauphin Brand.” 

“Pure Ground Bone.” 

“Capital Bone Super-Phosphate.”’ 
“Royal Mixture.” 

. “Soluble Bone and Potash.’ 

. “General Crop Grower.” 


Ce cel 


ao Ol 


PERKINS, A. W., & CO., Rutland, Vt. 


1. “Plantene.”’ 


PERKINS, J. DOUGLASS, Coatesville, Pa. 


1. “Perkins’ Monarch Phosphate.” 

2. ““Perkins’ Ammoniated Bone Phosphate.” 
3. “Perkins’ Special Bone Manure.” 

4. “Perkins’ Globe Phosphate.” 

5. “Perkins’ Pure Bone Meal.” 

6. “Perkins’ Acidulated Phosphate.”’ 
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PIEDMONT-MT. AIRY GUANO CO., THE, No. 109 Commerce Street, Balti- 
more, Md. 


. “Levering’s Standard.” 

. “Piedmont High Grade 8S. C. Bone.” 
“Piedmont Royal Ammoniated Bone and Potash.” 
. “Piedmont Soluble Bone and Potash.” 
“Piedmont Pure Raw Bone Mixture.” 
“Levering’s Harvest Queen.” 

“Levering’s 1XL Phosphate.” 

. “Diamond (S) Soluble Bone.” 

. “Piedmont Pennsylvania Potato Producer.” 
. “Piedmont Special Potato Goods.”’ 

. “Levering’s Ammoniated Bone.” 


“US et oo pb 
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PITTSBURG PROVISION CO., Pittsburg, Pa. 


1. “No. 1 Pure Raw Bone Meal.” 

2. “Pure Raw Bone Meal.” 

. “Crescent Butchers’ Ground Bone.” 
“Pure Bone with Potash.” 

“Corn and Potato Fertilizer.” 
“Keystone Fertilizer.”’ 

“Guano Fertilizer.” 

. “Acid Phosphate.” 

. “Phosphate and Potash.’’ 


OO ID OH ow 


POLLOCK, R. H., No. 51 S. Gay Street, Baltimore, Md. 


1. “Dissolved S. C. Bone.” 

2. “Victor Bone Phosphate.” 

3. “Superior Corn and Tomato Fertilizer.” 
4, “Owl Brand Guano.” 

5. “Special Potato and Tobacco Fertilizer.” 
6. “Special Wheat Grower.” 

7. “Ammoniated Bone Phosphate.” 

8. “Soft Ground Bone.”’ 

9. “Dissolved Animal Bone.” 

10. “Grain and Vegetable Compound.” 


PUGH & LYON, Oxford, Pa. 


1. “Ground Raw Bone.” 
2. “Bone Phosphate.”’ 


RAMSBURG FERTILIZER COMPANY, Frederick, Md. 


1. “Excelsior Plant Food.” 

2. “Old Virginia Compound.”’ 
“Ammoniated Bone Phosphate.” 

. “Alkaline Phosphate.” 

. “Dissolved Bone Super-Phosphate.” 
. “Ramsburg’s Queen.” 


No. 6. DEPARTMENT OF AGRICULTURE. 
RASIN-MONUMENTAL COMPANY, No. 300 Water Street, Baltimore, Md. 


. “Rasin’s Empire Guano.” 

. “Rasin’s Ammoniated Super-Phosphate.”’ 

. “Rasin’s Bone and Potash Fertilizer.” 

. “Rasin’s Acid Phosphate.” 

. “Rasin’s IXL Fertilizer.” 

. “Special Formula for Corn and Buckwheat.” 
. “Seawall Special.” 

. “Rasin’s Ammoniated Alkaline Phosphate.” 
. “Rasin’s Wm. Penn Crop Grower.” 

. “Monumental Soluble Bone and Potash.” 

. “Monumental Acid Phosphate.” 

. “Arundel Complete.” 


cow ont Dm OF RP &H NH eH 
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RAUH, E., & SONS., No. 419 S. Penn Street, Indianapolis, Ind. 


1. “Dissolved Bone and Potash.” 
2. “Soluble Bone.” 

3. “Ideal Phosphate.” 

4. “Fish Guano.” 

5. “Our Special.” 


READING CHEMICAL AND FERTILIZING CO., LIM., Reading, Pa. 


. “Potato and Vegetable Brand.” 
“Neversink Brand.” 

“Ac-A. Brand: 

“Mt. Penn Brand.” 

. “Reading Star Brand.” 


ole go bo 


REESE, JACOB, No. 400 Chestnut Street, Philadelphia, Pa. 
1. “Odorless Slag Phosphate.” 


REICHARD, J. G. & BRO., Allentown, Pa. 


1. “The Lehigh Potato Manure.” 
2. “Surface Phosphate.” 
3. “Little Giant Phosphate.” 


RICE, HAMPTON, Lumberville, Pa. 


1. “W. Kenderdine’s A. A. Phosphate.” 
2. “W. Kenderdine’s A. B. Phosphate.” 


RITTHR & WARNER, Indiana, Pa. 


1. “Mare Fertilizer.”’ 


RIVERSIDE ACID PHOSPHATE, Warren, Pa. 


1. “Harvest Moon Phosphate.” 
2. “Rich-acre Phosphate.”’ 

3. “Old Gold Phosphate.” 

4. “Phosphate and Potash,” 


60—6—1902 


$45 
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SALE, GEORGE IF. (Sandiford), Philadelphia, Pa. 


1. “Geo. F. Sale’s Special Manure for ali Crops.’ 


SCHAAL-SHELDON FERTILIZER CO., Erie, Pa. 


1. “Sheldon’s Empire.” 

2. “Sheldon’s Farmers’ Favorite.” 

3. “Schaal’s Standard.” 

4. “Sheldon’s Grass, Grain and Potato.” 
5. “Schaal’s Corn and Potato.” 

6. “Sheldon’s Guano.” 

. “Pure Bone Meal.” 

8. “Dissolved Bone and Extra Potash.” 
9. “Dissolved Bone and Potash.” 

10. “Dissolved Bone.’” 


SCHMUCHER, A. B., Hazleton, Pa. 


1. ‘‘Hazel Brand.” 


SCIENTIFIC FERTILIZER CO., THE, Pittsburg, Pa. 
1. “Scientific Corn and Grain Fertilizer.” 
2. “Scientific Economy.” 

3. “Scientific Bone, Meat and Potash Fertilizer.” 
4. “Scientific Potato Fertilizer.” 

5. “Scientific Dissolved-Bone Fertilizer.” 

6. “Scientific Phosphate and Potash Fertilizer.” 
7. “Bone and Meat.” 

8. “Pure Raw Bone Meal.” 

9. “High Grade Acid Phosphate.” 

10. “Scientific Wheat and Clover Fertilizer.” 

11. “Scientific Grain Grower.” 

12. “Scientific Bone and Potash Fertilizer.” 

13. “Patrons’ Special.” 


SCOTT FERTILIZER CO., THE, Elkton, Pa. 


. “Sure Growth Super-Phosphate.” 
“Standard Phosphate.” 

“Blk Head Super-Phosphate.” 
“Corn and Oats Grower.” 

“Tip Top Soluble Bone.” 
“Scott’s Potato Grower.” 
“Potato, Truck and Tobacco Grower.” 
. “Wheat and Grass Grower.” 

. “Tip Top and Potash.” 

10. “Sure Growth Compound.” 

11. “Fritch’s Grain Special.” 

12. “Grain Special.” 


a 


SHENANDOAH FERTILIZER COMPANY, Shenandoah, Pa. 


1. “Standard Potash Brand.” 
2. “Ringtown Clover.” 

3. “Gold Eagle.” 

4. “N. & S. Complete Clover.” 
5. “Special Wheat.” 

6. ““Pure Ground Bone.” 


Off. 


No. 6. 


DEPARTMENT OF AGRICULTURE. 
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SHOEMAKER, M. L., & CO., Cor. Delaware Avenue and Venango Streets, 


Philadelphia, Pa.” 


“Swift Sure Phosphate for General Use.” 
“Swift Sure Phosphate for Potatoes.” 
“Swift Sure Phosphate for Tobacco.” 


. “Swift Sure Special] 10 Per Cent. Potato Fertilizer No. 1.” 


“Swift Sure Special 10 Per Cent. Potato Fertilizer No. 2.” 
“Swift Sure Guano for Tomatoes, Truck and Corn.” 
“Swift Sure Guano for Fall Trade.”’ 


. “Swift Sure New Jersey Special for Oats.” 

. “Swift Sure New Jersey Special for Wheat and Clover.” 
. “Swift Sure Bone Meal.” 

. “Swift Sure Dissolved Bone.”’ 

. “Good Enough Phosphate.” 

. “Echo Phosphate.”’ 

. “Twenty-three Dollar Phosphate.” 

. “Dissolved S. C. Rock.” 

. “Pure Raw Bone Meal.”’ 

. “Dissolved Bone and Pctash.”’ 


SICKLER, CHAS. A., & BRO., Wilkes-Barre, Pa. 


. “Special Manure for Potatoes and Vegetables.’ 


“Vegetable and Vine Fertilizer.” 


1 
2 
3. “Empire Phosphate.” 
4. “King Phosphate.” 

a 
6 
7 
8 
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“Monarch Phosphate.”’ 


. “Pure Ground Bone.” 

. “Graves Potato and Tobacco Manure.” 
. “Peerless Phosphate.”’ 

. “Empire Corn Fertilizer.” 


SIMON, .. A., Maud P. O., Pa. 


lg 
2. 


3. 


“Truck and Corn.”’ 
“Potato Grade.’’ 
“General Use.” 


SLAGLE, E. A., Paxinos, Pa. 


al, 


“Xtra Bone Phosphate.” 


PMY SER, Hs He York, Pa. 


Be WwW Po et 


. “Chicago Soluble Bone.’’ 
. “Chicago Crop Grower.” 


“Chicago Bone and Tankage.” 
“Chicago Bone and Potash.” 


SOUTHERN FERTILIZER COMPANY, York, Pa. 


+ Co DO bt 


. “Ox Brand Ammoniated Dissolved Bone.” 


“Ox Brand Special Potato Grower.” 


. “Ox Brand General Crop Grower.” 


“Ox Brand Farmers’ Choice Brand.” 
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. “Ox Brand Dissolved Bone Phosphate.” 


“Ox Brand Soluble Bone and Potash.” 


. “Ox Brand Queen of the Harvest.” 
. “Ox Brand Pure Ground Bone.” 

. “Bone and Potash Mixture.” 

. “Royal Wheat and Grass Grower.” 
. “Farmer’s Mixture.” 


STERNER, E. H., Codorus, Pa. 


ie 


“Sterner’s Dissolved Bone Phosphate.” 


STRAINING, JOHN E., No. 1752 N. Cameron Street, Harrisburg, Pa. 


ale 


“Bone and Meat Fertilizer.” 


SWIFT & COMPANY, Union Stock Yards, Chicago, Ill. 


“Swift’s Super-Phosphate.” 


1 
2. “Swift’s Complete Fertilizer.” 
3. “Swift’s Ammoniated Bone.” 

4. “Swift’s Pure Raw Bone Meal.” 
5. 
6 
7 
8 
9 


“Swift’s Bone Meal.” 


. “Swift’s Diamond (S) Phophate.”’ 

. “Swift’s Onion and Potato Special.” 
. “Swift’s Special Bone Meal.” 

. “Swift’s Champion Wheat Grower.” 
10. 
ial 
12. 
13: 
14. 
15. 


“Swift’s Champion Corn Grower.” 
“Swift’s Phosphate and Potash.” 
“Swift’s Pure Acid Phosphate.” 

“Swift’s Vegetable Grower.” 

“Swift’s Sugar Beet Grower.” 

“Swift’s Special Phosphate and Potash.” 


TAYLOR PROVISION COMPANY, THH, Trenton, N. J. 


1 
2. 
3. 


“Special Potato.” 
“Corn and Truck.” 
“Ammoniated Dissolved Bone.”’ 


TEMPIN, J. M., Honeybrook, Pa. 


ale 
2. 


Buh 6 


“No. 3. Farmers’ Complete Fertilizer.” 
“No. 4. Atlas Brand.” 

“No. 5. High Grade Acid Phosphate.” 
“No. 8. High Grade Potash Manure.” 
“No. 16. Cereal Fertilizer.”’ 


THOMAS, D. A., Hagerstown, Md. 


if 
2. 
3. 


“Thomas’ Bone Mixture.” 
“Thomas’ Mixture.”’ 
“Dissolved Bone Phosphate.” 


THOMAS, HAINES & CO., Malvern, Pa. 


1. 


“New Century Crop Grower.” 


Doc. 


No. 6. 


DEPARTMENT OF AGRICULTURE. 


THOMAS, JAMES, Williamsport, Pa. 


a. 
. “Thomas’ Klondyke Brand.” 
. “Thomas’ High Grade Potato and Tobacco Manure.” 

. “Thomas’ Special Compound for Wheat, Oats, Corn and Grass. ’ 


ADO Oe wD 


“Thomas’ High Grade Bone Super-Phosphate.” 


“Thomas’ Standard Bone Phosphate.” 


. “Thomas’ Florida Bone Phosphate.”’ 
. “Thomas’ Dissolved Florida Bone and Potash Phosphate.” 


THOMAS, I. P., & SONS COMPANY, No. 2 S. Delaware Avenue, Philadelphia, 


. 


-“Farmers’ Choice Bone Phosphate.” 


TOMLINSON, WATSON, JR., Torresdale, Philadelphia, Pa. 
. “Tomlinson’s Potato Fertilizer and Crop Feeder.” 


al 
2 
3. 
4. “Improved Super-Phosphate.” 
5. 
6 
a 
8 
9 


Pa. 
“S. C. Phosphate.” 


“Normal Bone Phosphate.” 


“Special Corn Fertilizer.” 


. “Alkaline Bone.”’ 

. “Special Alkaline Bone.” 

. “Dissolved Phosphate.” 

. “Tip Top Raw Bone Super-Phosphate.” 
10. 
afk 
12. 
13. 
14. 
15. 


“Pure Ground Animal Bone.”’ 
“Potato Fertilizer.” 
“Champion Bone Phosphate.” 
“Superior Super-Phosphate.”’ 
“Special Truckers’ Fertilizer.” 
“Wheat, Corn Fertilizer.” 


“Tomlinson’s Ammoniated Potato Fertilizer.” 
“Tomlinson’s All Crop Fertilizer.” 


. “Tomlinson’s Market Garden Guano.” 
. “Tomlinson’s Grain and Grass Fertilizer. 


” 


TRENTON BONE FERTILIZER CO., Trenton, N. J. 


1 
2. “Trenton Corn Mixture.” 

3. “Trenton $32.00 Potato Manure.” 
4. “Trenton Potato Manure.”’ 

LY. 
6 
7 
8 
9 


“Trenton Super-Phosphate.”’ 


“Trenton Excelsior.” 


. “Trenton Corn and Truck Fertilizer.” 
. “Pure Fine Ground Bone.” 

. “Trenton XX Brand Fertilizer.” 

. “Trenton Special Potato Manure.” 


TRINLEY, JACOB, Linfield, Pa. 


ale 
. “Pure Raw Bone Super-Phosphate.” 
. “Grain and Grass Grower.’’ 

. “Ravere Bone Phosphate.”’ 

. “Soluble Bone and Potash.” 


OO Rm ew bP 


“Pure Raw Bone Meal.” 
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TUSCARORA FERTILIZER COMPANY, THE, Port Royal, Pa. 
1. “‘Ammoniated Phosphate.” 


VUSTIN, 1. J., Phoenixville, Pa. 
1. “Pickering Vailey Special for Potatoes.” 
2. “Pickering Valley Special.” 
3. “Pickering Valley High Grade.” 


TYGERT, THE, J. E.. COMPANY, No. 42 S. Delaware Avenue, Philadelphia, Pa, 
1. ‘‘Bone Phosphate.” 
2. “Ground Bone.”’ 
3. “Soluble Bone and Potash.” 
4. “Potato Guano.” 
5. ‘“‘Ammoniated Super-Phosphate.”’ 
6. “Popular Phosphate.” 
7. “Golden Harvest Phosphate.” 
. “Acid Phosphate ” 


ce 


TYGERT, J. E., & SON, Philadelphia, Pa. 
1. “Early Harvest Phosphate.” 
2. “Dissolved Bone Phosphate with Potash.”’ 


ULMER, JACOB, PACKING COMPANY, Pottsville, Pa. 
1. ““Ulmer’s Blood, Meat and Bone Super-Phosphate.”’ 


UNIONTOWN FERTILIZER WORKS, Uniontown, Pa. 
1. “Fell’s Pure Ground Bone.” 
2. “Fell’s Gold Premium Bone Phosphate.” 
3. “Fell’s High Grade Acid Phosphate.” 


WAHL, EMIL, MANL’G. CO., Nos. 3970-3986 Pulaski Avenue (Nicetown), Phi! 
adelphia, Pa. 


1. “Emil Wahl’s Warranted Pure Philadelphia Button Bone Dust.” 


WALKER, STRATMAN & COMPANY, Herr’s Island, Allegheny, Pa. 
1. “Four Fold.” 
2. “Grain King.’’ 
3. “Big Bonanza.” 
4. “Potato Special.” 
5. “Meat, Blood and Bone with Potash.”’ 
6. “Help Mate.” 
7. “Phosphoric Acid and Potash.” 
8: “Bone and Meat.” 
§. “Pure Raw Bone Meal.” 
10. “Acid Phosphate.” 
11. “Grain Manure.” 
12. “Potash and Bone Phosphate.”’ 


WALKER, J. C., & SON, Gap, Pa. 


1. “Pride of Pequea.”’ 
2. “Pride of Pequea, High Grade.’ 
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WALT, F. K., & CO., Supplee P. O., Pa. 
1. ‘‘Flesh and Bone Phosphate.” 
2. “Calecine Bone Phosphate.” 
3. “Sure Growth Phosphate.” 


WHANN, W. E., William Penn P. O., Pa. 


1. “Special Potato and Truck Fertilizer.” 
2. “Raw Bone Super-Phosphate.” 

3. “Fish and Potash Fertilizer.” 

4. ‘“Ammoniated Phosphate.” 

5. “No. 2 Ammoniated Phosphate.” 

6. “Special Ammoniated Phosphate.” 

7. “Soluble Bone and Potash.” 

8. “Available Ammoniated Phosphate.” 
9. “South Carolina Phosphate.” 

10. “Pure Ground Raw Bone.” 

11. ‘Sweet Potato and Celery Mixture.” 


12. ‘“Pure Ground Bone.” 


WHANN, JOHN, & SON, No. 28 S. Delaware Avenue, Philadelphia, Pa. 
1. “Our Brand Raw Bone Phosphate.” 
2. “A. A. Acid Phosphate.”’ 
8. “J. W. & S. Special Mixture.” 
4. “Wheat and Grass Mixture.” 
5. “Reliable Ammoniated Super-Phosphate.”’ 
6. ‘“‘Whann’s Soiuble Bone and Potash.” 


WINDLE, DOAN & CO., Coatesville, Pa. 
. “Ground Bone.” 

“Cook’s Bone Phosphate.” 
“Ammoniated Bone Phosphate.” 
. “Potato Phcsphate.” 


mone 


WOOLDRIDGE, THE R. A., COMPANY, No. 33 S. Gay street, Baltimore, Md. 
. “Florida Acid Phosphate.” 

. “German Potash Mixture.”’ 

. “Liberty Bell Potash Mixture.” 

. “Champion Giant Phosphate.” 

“Chieftain Bone Stock Phosphate.” 

. “Triumph Pure Bone Phosphate.” 

“Special Potato Fertilizer.” 

. “Tuckahoe Bone Meal.” 

. “Buffalo Bone Stock Phosphate.”’ 

10. “Pure Raw Bone.”’ 

11. “Sweepstakes, Sure Shot, Truck Phosphate.” 
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YORK CHEMICAL WORKS, York, Pa. 
. “Plow Brand.” 

. “Standard Potash.” 

. “Prosperity.” 

. “Harvest Queen.” 
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. “New York.” 

. “Half and Half.” 

. Red Cross.” 

. “Black Cross.’’ 

. “Wheat Special.” 

10. ‘Dissolved Phosphate.” 

11. “Dempwolf’s Standard Fertilizer.” 
12. “Dempwolf’s Corn and Oats Special.” 
13. “Special Tobacco.” 

14. “Potato and Truck €pecial.” 

15. “Pure Ground Bone.” 

16. “Dempwolt’s Gem Fertilizer.” 


co 00 -1 Gm Ol 


ZEIGLER, E. H., & CO., Stewartstown, Pa. . 
1. “Bone Phosphate.” 
2. “Zeigler’s Potato Phosphate.” 
3. “Zeigler’s Mixture.” 
4. “Zeigler’s Crop Grower.” 


ZOOK, HENRY S., Elverson, Pa. 
1. “No. 5. Pride of Chester Corn, Cats and Wheat Fertilizer.” 
2. “No. 6. Pride of Chester Dissolved Animal Bone Phosphate.” 
3. “No. 7. Pride of Chester Dissolved Animal Bone Phosphate for General 
Use.” 
4, “Zook’s Clear Acid Phosphate.” 
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TABLE NOM. 


COMPOSITION OF FEEDING STUFFS. 


Giving the Maximum, Minimum and Average for Each Ingredient. 


From Farm Bulletin No. 22 of the Department of Agriculture, 
Washington, D. C. 


The figures given do not represent the results of single analyses, 
but are the highest and lowest results which have been found in the 
case of each ingredient. They are given to show the limits within 
which each ingredient has been found to vary. 


Composition of Feeding Stuffs. 


| 


| i 
| $ a 
: 8 
~ 
20 ° 
: ia] 

qd oO 
5 ra) K 8 2 
» : »” ao Hy . & 
8 a i S S 3 5 
i E <q Ay io Z & A 

| 
GREEN FODDER. 
Corn fodder:* 

Flint varieties— Per et.| Per ct.|Per ct.|Per ct.|Per ct:|Per ct: 
Minimum, Biled 0.7 0.6 2.1 4.3 O31 |\- cemerere 
Maximum, 90.8 1.8 4.0 11.4 36.3 NES} ibseoucodc 
Average, 79.8 ipal 2.0 4.3 12.1 0.7 40 

Flint varieties cut after kernels had 

glazed— | 
Minimum, 69.7 OF eS 3.0) 10.0 0.6 
Maximum, Bed Tal 2.7 6.1 19.7 1.3 
Average, Titice & Thai by} 2.1 4.3 14.6 0.8 

Dent varieties— | | 
WiGhebsesthorey ) GannpcoandssoCoboaUaandoonoGsosd 59.5 0.6 | 0.5 2.0 3.0 Oa eracareretersre 
MVE oT ces clnvereieiet ctsreiciesa's v.c Heleivievole omeie eicie | 93.6 235i) 3.8 11.0 27.0 Ti oadoosc 
PASV.OTAL ON lgsteeise sce co cstloe cine nchideleisaccin ae 79.0 TEP NG 5.6 12.0 0.5 63 

Dent varieties cut after kernels had | 

glazed— 
iW iherbesibhre= Ganhguncodoascnoaaeduaddosdocass 59.5 1.0 1.0 5.4 11.6 OAD Rrateterctstere 
Wik. gbsaelens | booossooauoeoodosaptoanvapsenaeG 80.7 2.2 3.3 8.5 27.0 ALG | (oreieioletarers 
WAV OTEEO Soha vverneitoai sate cre veweneise ciate oop 73.4 1.5 | 2.0 6.7 15.5 0.9 7 

Sweet varieties 
AW Hoowkeaiihealy onary adopanonnooncosoapaadeuetrne 69.3 0.8 0.9 alee) 3.2 OE loonooncd 
WAKA, cfeiscd. eco: a scacateje visieccve-vrsieleisisieielsiscs rete 92.9 2.6 | Za 8.5 19.4 LOM ieratete orocers 
INGE AE Te em oD eIG DU DAO OOD AS ORO COCHORAGT Ean 19.1 1.3 | 19 4.4 12.8 0.5 21 


*Corn fodder is the entire plant, usually a thickly planted crop. Corn stover is what is left 
after the ears are harvested. j 
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Composition of Feeding Stuffs—Continued. 
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GREEN FODDER—Continued. | 
All varieties— Per ct.|Per ct. 'Per et.|Per ct.|Per ct | Per ct. 
Minimum, 51.5 0.6 0.5 1.9] 3.0] 0.1 
Maximum, 93.6 2.6 4.0} 11.4] 36.3} 1.6 |. 
Average, 79.3 | j.2 1.8 5.0 12.2 0.5 
Leaves and husks, cut green— | | 
MINIMUM co. scvatele sees « Cochise See tine 57.9 2k 1.8 6.6) 16.7 PO? liners 
IMA XII UTO pase eae ee ee ese oe 71.3 4.4 2.4 1225) | Ue 2282 13 eos 
EV OTALC. Meneame bones seaecm en ce eioeeece 66.2 2.9 ee | Sou 19.0 p baat 8 4 
Stripped stalks, cut green— | | ] 
MVE GTPETVUI TYE My ore oe aloe ae oe tie csiesetolejeiae tasteless 74.5 0.6 0.4 | yal | Wa ee: 024 | oceans 
TET abr hi ts © ob Ae Gah SAMA ANE A 3 Skene Sars 77.4 0.8 0.6 8.8 16.0 0:6 | Soteenae 
AV OTALC TI Me nas. ciccce ns conse ccamnee vs se ces 76.1 0.7 0.5 (eR 4.9 0.5 | 4 
Rye fodder: | | 
ET TAT RONEN ie ole sie re eee ee eee tic nte ale eio ere wets 74.4 rg Pas 4.7 4.9 e2a eee tere 
Ex TITEL ieee eee eons ee a 84.3 2.4 3.0 14.9 12.4 OFS o-ee 
52 CGE OE epee CRRA BCRINREe OO a SrOCnteeane 76.6 1.8 2.6 11.6 6.8 0.6 7 
Oat fodder: . 
GTI, BAAASA GRE SSOLOUCC RCE RE ODOCOCES be See Sics 1:5 15 ted. 10.8 Ae a Seechoe 
ATTN UTI A Basen celia cc ic aroeieje "lola nics < wlawsieie Soe 78.6 4.2 6.1 16.8 39.8 3:0. | S52 
ME ea Ce are Sere ae reine oo intone otciaconiatcidtas canals 62.2 220 3.4 11.2 19.3 1.4 | 6 
Redtop,* in bloom: 
Lh bh esooes SaMeeeerbees coboc eos seas aen 51.5 ee 2.0 8.0 11.7 0:63||.2e5ceee 
WEAN NI Se elec coc ertecie oer a eaisie a eisec ccc 76.2 2g 4.3 a Bi 21.9 Poth eee eee 
PAY OVAL CME a aane crocisioeniceioistereieleieialeie sions. eleisisiece 65.3 2.3 2.8 11.0 17.7 0.9 5 
Tall oat grass,f in bloom: | 
Minimum, 62.3 1.6 ghey 922 13.0 036: So eeeee 
Maximum, 13.5 3.0 2.3 9.7 20.7 aS ESeeincas 
Average, 69.5 2.0 2.4 9.4 15.8 0.9 3 
Orchard grass, in bloom: } 
Minimum, 66.9 1.6 1.9 5.8 9.9 0.7 
Maximum, Ti3 229 4.1 a Pt 16.6 is 
Average, 73.0 2.0 2.6 8.2 13.3 0.9 
Meadow fescue, in bloom: | 
LV RRO Ab) © SpinahncdeancoAeseRonsoceoonodese Toe 67.6 1.6 LSue . 10-2 12:5 OFT | eee 
WT AXMIUTIN Pe ic cists cone clenaect isso ss cceeencee 73.2 2.0 Deb 11.3 idee a Fe ee neice 
PAV CT AP Crm casio nee ce ene watelcaice cee oeale 69.9 nes 2.4 10.8 14.3 0.8 4 
Italian rye grass, coming into bloom: | ; 
UNE TVSTIUTIV at ayoe eel ive ciatecissisinecs Seise nice cee eiee 69.6 raat 2.6 5.5 11.5 AED eon dese 
MNS TNT NN ee eciovomia Sones stor aces coos 76.6 2.8 3.8 125 15.4 UG) Geese 
EV CTASE UMMs atiaiaciclicle cide cloantin ce cose calcine cine cone 73.2 2.5 3.1 6.8 13.3 1.3 24 
Timothy,? at different stages: 
Minin sees ee ee tea ee 47.0 1.4 1.3 | Bel 10.1 0:6) |Raceeeas 
Maximum, Weforale eralats avajstatclelaisiadiete tiniers aren shsieitieasé 18.7 3-2 3.8 19.4 28.6 220 bccn oe 
PAVETAS ON hoes cece dec ea sane eee eee ee 61.6 | 21. Sat 11.8 20.2 122, 56 
Kentucky blue grass, § at different stages: | | 
AMT TR UAT | sie cre eeceeoscioe cea cctie cian cries 5127 1.6 2.4 3.8 6.5 0:8 'i|\Oueos cee 
ESe TT UTED eee tocie dee ycrcteneaic | he tette ela erieame 32.5 4.8 Tee 13.4 25.6 1893) ee 
PARR EVGA SN ES Eo, oha sl clevera ccainlale’ ore aia ate orn Sle e'e e's eielciseeaee\e 65.1 2.8 4.1 9.1 17.6 1.3 18 
Hungarian grass: 
MULT IPE TU FE ene cle nie icic cc nretsle ale efaica ao otare'ne cle xe 62.7 1.9 2.8 7.6 Pal OS ferrets 
IVF ASTIN Tremere eee n were sincinin ca cette cies cee eee 78.3 | 2.2 3.2 | 10.8 | 20.1 ga eR Se oe 
YO et oY en One BACCO R OC EEE COCODOLO SCOR SOEE 1.1 | ater ( 3.1 9.2) 14.2 0.7 14 
Red clover, at different stages | 
LOB ten hile coe Sona AS neprae EE ROnGods SECO OSOe 47.1 0.9 10 1.8 | BA O23) lesececes 
MEGUMI ae eicloiercoaes costae v alcaeelen’s aSemies 91.8 | 4.0 hee 14°71) “25.8 DS Weseteteteete 
PAV ETA SON eer e anice Noe een te eee tee 70.8 vest 4.4 Slepy 3-5 a 43 
Alsike clover, ** in bloom: | } 
MANS MUM ose sn ences aor vewtedci dare sieiteres 72.3 | 1.9 3.6 5.3 10.8 2 pedonace 
IMEI UNS eee ec occmeaceeeacoci omen meee | Theos | ea | 4.2 | 9.4 11.5 | W2s Wereteeccnee 
ARV ETA RO SaC Nate Meet hee a eee | 74.8] 2.0 3.9 7.4] 11.0] 0.9] 4 
Crimson clover: | | | 
(Mamsuatim ee. 755-0 seeders Seales | 7Red LL 6227 320 |e 1c0) | 026) eeaaeeere 
IVE AATIBULTIN EY Wi ois ter clnsis eteisinecale ce teinie cee mates | 84.6 2.0 | 325i] 6.3 9.7 | OFS) eee 
JESS TT oo ee Ca es aR | 80.9 eg |) S| o2) sa Ore 3 
Alfalfa, 77 at different stages: | | 
MEM Ue eee Sess cele Seale eieoe wee ones 49.3 1.8 geo 2.5) 10.8} O26 I eeeaesee 
1b din bt05” SS QeR RS COOOOHOIE OER C Er a naan aee 82.0 5.1 | YS 14.8 thy £22 ee 
VOCTARE fo anse scales eee ee eee cae e Cameos 71.8 2.7 | 4.8 7.4 12.3 | 1.0 23 


*Herd’s grass of Pennsylvania. 

7Meadow oat grass. 

tHerd’s grass of New England and New York. 
8June grass. 

**Swedish clover. 

tiLucern. 
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Composition of Feeding Stuffs—Continned. 
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Ash. 
Protein, 
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Number of analyses. 


GREEN FODDER—Continued. 


Serradella, at different stages: Per ct.| Per 


MVE TITS PUD) Meh oeinyerere ote rcinio Sele crasctoemkite eatcler me 
IWIES Shoes Migpboodpaoo (cu bOOdEmDoobonADadoA coon 
PAS VE RO Cpe feleis/atareteiee (icin sfersisis wieresioei cee eiieieielcieieiers 
Cowpea: 
DVDR IIVUNI YS Seiciclarel was eran clelara Voletor enteral steve elanteereme 
PUL A KANQVELIED Wy Wicks: cheese aja aleve oiciehs Oe bie eae 
TD QRE EE BARRA GOHE ROSE DOQHOCADROOT OORT OOmOaae 
Soja bean: } 
UDA ATIN e cernicie sicteiavs we nieinyo.tnrale Oersiere c/ose cine were 
MAXIMUM, |e oecicn SRR Meee eee oe Ch enero | 
PANY OT EU Cate vayaresats\sie!eretejare ain tave/ala'e/ctarctaals (2 atauxta(ararovetate 
Horse bean: 
PAG OT AEN fo cateisleteio sistas Hits ele She Dee a sels SRR Sale | 
Flat pea (Lathyrus sylvestris): | 
PASE TO Lenape So clelorate el uitye ate ction cints- oralataje,atavaseteata 
Rape: | 
PANVON SB Oia fara sereeeciernisid alae ww sfelotee, os alors Se w/e WIS tet esece | 


Average, 
Sorghum silage: 

IW hhsibelbhee Spb oonnGods Jeno Odeno GOs GAO C a daSD 

MA EXSEIND LUND ee ecatavarareinicterssoeatstarainte oicieiejerel<imte aerster oie oie 

PAR CTAS Ce clei caveleiielelaserersterayaleverste eicieferstel jest ra tersteletaras 
Red clover silage: 

iiiksbbehicels oprces soudeeEooe bos enn dcrricedaneogd 

Web dis bhons, | Seesoucdasntogbar So cone DoH ORtCOaG 

PASVCTAR Cie bia atcinerinelseie ais cienioe ate meena Gaerne ne eke 
Soja bean silage: 

ASV OT ARC isis Tsai ctoreraisiaic/e.0)e.s/aaicceinia/avoseiais aralelslarerevoteiaie 
Cowpea vine silage: 

PAVERS O SD Ore cleteve.s osetwiwiere eielarece.n(e-ere e cchese(oteinie 0.8 
Field pea’vine silage: 

PASVIETA ROS | cicicia:sivials or syeinaieisisisies saislere's cowie lalainie eave 
Silage of mixture of cowpea vines and | 

SOja DEAN! VINES, AVELALE, - socce nos cece eer asi 


HAY AND DRY COARSE FODDER. 


Corn. fodder,* field cured: 
MVE WATT VT PUTIN ey cyoreccreyate cs eieiare sicicteloreste atsierstete-swetovereteiet sts 
ib db ooh) br ee PA RCO SETA ROOCRE SACU Oana aeoe 
EASVOY EEN co lcssjeeiticiie div eiate cies. stores mimiancinr enter cis ie fore 
Corn leaves, field cured: 
EAU UIIM S P se Sictiks. = ste x wats ainsavatevceicls smile Wate aietelarereiete | 
LS ah ea (1b 1 Beye IGE! Hay ot amet mer rier Set yen 
ZAGER 8 Goboooonenboadodesusdeondandboncdooada 
Corn husks, field cured: 
AVG TATA UII 2. Sie tiem olg,ateic: sieis te erase, Kelsie Sasieislelarers iste 
1) Sd taal bere BAe ee pon poo SOnD Acerca onan coGner } 
PASVETAE Ciel diche ciela levee cteicicieialo alo crescicleisie renciotele: oi cfolore 
Corn stalks, field cured: 
Wiitrihedl}b oot) GaP incon tAennOBSEATncoaTiaDocnCneodta 
AP ARINEMUIIN: Blcitcnics vicis oa sieie dence seis ceicmemoame 
JUG tf SPER OCD DE CODECS FOR SORE CO DOB Cm 
Corn stover,+ field cured: 
Minimum, 
Maximum, 
Average, 
Hay from: 
Redtop,? cut at different stages— 
VAG yaa DUTTA Ys aie = oe wie lolcats ciate nielsraiejeiseieinele es 
Ma scimmiin meas ccwenact. mower eee ceriocieeaaeee 
I NAGY =f a OR CRORE COO STOTT ACS UN Ce eS 


*Entire plant. 


7What is left after the ears are harvested. 


tHerd’s grass of Pennsylvania. 


Per ct.}Per ct.) Pér ct. 
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0-1 
nmwo 
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to 


SIA18 
wom 
rn> 


10 ie 


9 ‘ 
1 1.8 | 
6 0.7 

8 2 OA eee 

9 fe: eos 

1 0.4 i0 
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HAY AND DRY COARSE FODDER--Con- 
F tinued. 
Hay from: Per ct.|Per ct.| Per ct.) Per ct.| Per ct.| Per ct. 
Redtop, cut in bloom— | | 
NEI NITN UII coe cyacicloe creicisloie eSiachosels ictejeeiets 6.8 4.8 7.8 24.0 46.8 EGS esters 
MVEA ETIN UTILS We teee oe xeroe ctetsi elo elaine ahersserciere ets 11.6 5 10.4 31.8 47.8 223 lisoesacce 
PKNEHETSS. SEC OSD ROOCS CDEC SUBOOE EACe SO nona 8.7 4.9 8.0 29.9 46.4 PAI 3 
Orchard grass— 
VEST TVA TIATINI Meters. te ovate cicteie caste cere efes= sieteieferaysins aicsie 6.5 5.0 6.6 28.9 32.9 bE Bl epee oer 
WEAR TINNUITN, eaeotele scsieoieieisies Seccecieiiose lee treme 13.6 9 10.4 38.3 48.6 Sea ooseace 
PAV ETA CAMP Teles soa. Mielonit sie settle isle sea 9°39 6.0 8.1 2.4 41.0 2.6 10 
Timothy,* all analyses— 
VB TAT SVAUA TINS orto xiclereroretevare Goleta cic icre sia c.schare’oe 6.1 2.5 3.8 22.3 34.3 LOO i Wtevatatatess ote 
DE SRTTVTIND com ratcels cic. lefowisie sicre amas ac wissaleiniers 28.9 6.3 9.8 38.5 58.5 Ba aes wate 
IAW ELALC Mis cen cis iscivcciste eee mictloue soc ce cee ae 13.2 4.4 5.9 29.0 45.0 2.5 68 
Timothy, cut in full bloom— 
Minimum, 7.0 225 5.0 22.2 34.4 2.0 
Maximum, 28.9 6.0 125 Sted 48.5 4.0 
Average, 15.0 4.5 6.0 29.6 41.9 3.0 
Timothy, cut soon after bloom— 
EMM IMU NSS oes cco ca ceo ee clewlines eeieolas:s 7.8 63h) 4.6 25.7 37.0 1 Ey Gl teoeccco 
WES dhitbel, Iopeduoseocuredecopeemecosceascd 21.6 5.4 8.1 33.4 51.0 ba Cl isosenos 
ASV CLEVE Es oiresaiasajaie so ayolel ave eleiers ate e's fore ole tals sxatele laters 14.2 4.4 Bell 28.1 44.6 3.0 11 
Timothy, cut when nearly ripe— 
WEinimiirin a oe ore eee atin ee een ae ee occa 7.0 2.7 4.3 24.8 38.0 aA al eae oy 
IVER ohio Pe. Are sceebud ster comCuaceemcoae Pa | 5.1 6.0 38.5 49.1 SSA Sse .gs 
BASE TA CMC DOT: rararcieiatcleiteer cre telereeheterernievoere ict 14.1 seo. 5.0 Slot 43.7 2.2 12 
Timothy, cut when ripe— 
VET TVET UIT lela seas alates ccvaloiea(atas a cial ove, erareiesets, efere 14.3 4.5 .3 1 LTA 31.8 2:0 leases 
LUkeb aber) br i ane Saeee ee Oper Cr AeenCane 32.8 7.8 12.9 26.8 a3 Bah Cee eae chs 
PN OTA S Ogi et at in rereinie cre ste atelele sls svelese elvieicie termrels 212 6.3 7.8 23.0 37.8 3.9 10 
Cut, when seed was in milk— 
IMETTUDTVIUT YDB atc fe ote aise ie eieiaine solos niente s 22-5 5.6 6.0 Ba) 33.2 Bee Panera 
WEbdiilhier, Boseoosaooc snOCOSDORCCoGeEroc or 26.5 7.6 6.6 24.9 35.4 Cle to cecnene 
PAV ET EG a taae opie aie reins rene is enforces ceeaic s 24.4 7.0 6.2 24.5 24.2 3.6 4 
Cut, when seed was ripe— - 
a PNT ET ee ee ees cae crs ees Re ates act Bok: 5.3 20.4 3.6 23) oa. ceeee 
IVE ASTIN LINN base lerciojs.c eteterate cajceis cles otal cle Sint 32.8 7.8 6.0 Paya | 33.7 $52)| eee 
PAV ELAR OME cissaciasieleieic ieisisicie ae eelafitie staamaene 27.8 6.4 5.8 23.8 33.2 3.0 6 
Hungarian grass— 
Mi bbdibemtibrt.| hatedecchascs cbsecneusdundocdoae 4.9 5.0 4.7 23.6 44.4 L5iiecosesee 
INET UTI ee clerciatorc evel ofetetei nie >: cysis-afoie viele abel orete 9.5 To, 13.3 36.3 53.0 Bey Race tone: 
PPA ClAC Crate ects Taner tele asetceteete aiafceteieer Naar 6.0 7.5 PAG 49.0 2.1 18 
Meadow fescue— 
IVER TLETUULI Sees rericsssocheiesiciettie cities cnoetermers 7.4 5.5 4.5 20.8 28.5 VG" sweet 
Mie S dhialhhie hee ca oeenseTeqoearc me toncas ee tae 32.5 7.8 11.8 31.9 45.5 5 i Mate oir a 
JMU “ehaecoGROC aa UOh eo ONS Or PUABDCOOnGS 20.0 6.8 7.0 25.9 38.4 2.7 9 
Italian rye grass— 
LitithieUhes, @oesonc-ceenooesesonneeeEeE tes 7.4 6.1 Greate 28.4 39.6 Le Shree 
IVE AKT IVU UID Se poche ha lersteisiel clase ctare/arsceve Syctole-ararernielele 9.3 7.9 §.8 33.9 48.9 19; Wins Seeks 
BAS CS Cee eee ete arene ae eins cia ore a Aa eran 8.5 6.9 7.5 30.5 45.0 1.7 4 
Mixed grasses— 
I bhoseehibe ye! seocdntomsdoadoEonaResoaosOsGboas 6.5 2.1 4.8 21.0 33.4 feel een 
IVES aba PITIE soeeeig gate oe Rat aeraeh temas 33.4 6.9 12-1 38.4 50.8 CY esmiciee. 
SAS GEOG Mba cfu e ctr ciiic cate he aint cia etekete niniotesoranes 1528 5.5 7.4 27.2 41.1 Zao 126 
Rowen, (mixed)7— 
MIinimUuM=> see ascsaceeeeel: ac Gees ecleeeee 8.2 Bed 9.6 20.1 33.6 DED) \arerersistetare 
MAXIMUM.“ sciprcdale coer nieles Seiteiee ecisiccele 24.4 Rhee 14.8 20.0 44.3 425) |ereiosieee 
IAVOCPAS ES Menace See ition aie estos aera: 16.6 6.8 11.6 22.55] 39.4 3.1 23 
Mixed grasses and clovers— } 
i haalbeahtion a GABA BAOSNS UAC OREOOEOBODDODOG | 8.2 329 5.5 tO 31.8 ite 
Woda ibe anoagesosanesonoenecectcooaseogcs | 25.9 9.6| 14.4 35.1 48.9 | EG 
ISSCCER cases eee cece ee | 19:9] 5.5| 10.1] 27.6| 41.3] 2.6] 
Swamp hay— | | 
MAT YNEYALEREYY sors! ysicyaiescselofafess clssete/s/ataiete/a'sjs/syeyetere's 7.8 3.3 | 5.0 19.4} 39.9 | OE 8l houegs oe 
Rte a ieee ee, 17:9\|| “1st||) fas Satie | eicr |) yeieiee: aw 
TOTS e na odunueeote tee ueeoaoenencee 1156 TON, | tre2 26.6 45.9 2.0 | $ 
Salt marsh— 
IM hosbhvsthhen, "ac qousdobUErOCOMGOAaHoT mater pctsh ste 7.8 | 5.4 | 4.0| 25.1 34.1 186) | ee 
Maxi arg eet a cieeicfatae tore cis ster atehe eiotetolee erat 1826) |e e188] (I SKIES 54.3 Sat ee eee 
IAC CT ale Omir rn ee ee on OL Hee eee 10-4( 7.71 5.51 3.01 44.1 9.4 18 


*Herd’s grass of New England and New York. 
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HAY AND DRY COARSE FODDER—Con- | | | | 
tinued. | | | | 
| | | j 
Hay from: Per ct.| Per ct.) Per ct.|Per ct. Per ct.) Per ct. 

Red clover— | | | | 
Minimum, 6.0 3.9} 10.0 15.6) 27.3 Ou parents 
Maximum, 31.3 | S3i| Oro se" 8be74)  beeo fice) | Gaecoune 
Average, Lye Sh G2) 1253 24.8| 38.1) 3.3 | 38 

Red clover in bloom | | | | 
I’ bhiliivelhGeopy SoccogsucocabcaIndeobeeacouOsosd 6.6. 5.6} 10.8 17.9] 27.3 PAT Paeccoece 
MM GER TIATED Nyy tat statis tonetsielelererstel stator rrstsiaoratesievarnicls 31.3 8.3 | 15.4 28211) AES at oeacono 
VNC TeA x Ohm srateroralotrare Mneiclenstoterere nee eemete sion 20.8 6.6; 12.4 21.9 33.8 | 4.5 6 

Alsike clover— | | 
Minimum, bes 6.1 9.2 19.7 35.6 DG. | Sejate re ciets 
Maximum, 13.9 12-3 16.1 29.5 45.9 AD. ceenek 
Average, o.7 8.3 12.8 25.6 40.7 2.9 9 

White clover— | 
IV bhotbestbbeth  -pAgoopnpuocanoOO nun OOnCOODAGOnGS 6.1 4.5 13.9 20.3 33.4 MES featiccoce 
WIE brahoihasky | GroboqdeoanoceCUooCHdeDeannaaod 13.5] - 13.8} 20.0 30.3 47.3 Rte fascoeeod 
ISRO Bagpopdoanbo0e0de soUpOOCUdoUC SbdG Se ats 8.3 bei 24.1 39.3). 2.9 Y( 

Crimson clover— | 
Minimum, 5.9 7.4 13.6 20.1 | 29:3 DBs liccemeciee 
Maximum, 13.4 | 13.0 16.1 34.9 | 42.6 RIB) ieisieecerere 
Average, 9.6 | 8.6) 15.2 27.2) 36.6 2.8 7 

Japan clover— | 
Average, 11.0 | 8.5 | 13.8 24.0 39.0 3.7 2 

Vetch— | 
Minimum, 8.3 lel albeit 19.7 26.5 Ait A hooano 
Maximum, 15.8 | 11.6 | 23.1 28.1 40.2 ScOR meteor 
Average, 11.3 | 7.9) 17.0 25k 86-1 2.3 | 5 

Serradella— | 
Minimum, Wee 5.4} 13.9 19.4) 40.5 QD aero 
Maximum, AA27i\\ LOS LOSGi} 9 2229)! | AGRON oO) lees 
Average, 9.2 | tan 15.2 21.6 44.2 2.6 2 

Alfalfa*— | 
Minimum, 4.6 Sati = 1022 14.0 Spall UN eeagoooc 
Maximum, 16.0 10.4 23.3 33.0 53.6 SESE Recctecoee 
Average, 8.4 | 7.4 14.3 25.0 42.7 2.2 21 

Cowpea— 

Minimum, 7,6 | 3.2 13.6 16.4 39.4 Ba ES eacebone 
Maximum, 14.0 10.2) 20.3 25.0 49.5 Bele Gooaocse 
Average, 10.7 7.5 | 16.6 20.1 42.2 2.2 8 

Soja bean— 

Minimum, 6.1) 4.8) 14.0 17.3 31.8 Dok Wecatiesate 
Maximum, 20.1 8.9 | 19id 32.3 41.0 i Beal lecetere eterats 
PANY GIc2 Com ete clare] ajerelalale aisivialelefels/aletavstornletaysis'e ataiois 11.3 | 1.2 15.4 22.3 38.6 5.2 6 
(= S631) eb iy 6 baeectssee || AwereT| = ce ene 

| 10.0 8.6) 21.9 32.7 34.0 cae 

8.4 7.9 | 22.9 26.2 31.4 3.2 | 5 

LW gb Abarthherh nou petea aaaaeeubon dusecdtooeancor 6.3 7.3 Qetilee 8233/6 88a, | ade lpeeeeeeee 
WMP QRATU INS)  Gleisscte's ctslclosclntew-eletausrs sie se eve e.ajsts a's 7.8 abaya 11.7 33.3 | 50.4 BysSoltnncaneiecere 
INET AR EN 1 od aleamiincilenins ceeniee iran oem eacien 7.6 10.8 10.7 23.6| 42.7 4.6 6 

Soja bean straw: | | | 

Minimum, 5.7 3.9 4.0 84.0} 35.3 | Wat | Sbaanodo 

Maximum, 14.0 4.9) 4.9 49.6 | 43.3 eye Beanoger 

Average, 10.1 5.8 4.6 40.4 | 37.4 U7 4 

Horse bean straw: 
PA CTIUST ES oh Yosks aie acaraje 3s aca asate ate,0\o erelele it epecel scayciarate oreo 9.2 8.7 8.8 37.6 34.3 1.4 1 
Wheat straw: 

Minimum, 6.5 3.0 229 34.3 31.0 VEEP lSedeccor 

Maximum, 17.9 7.0 5.0 42.7 50.6 T28: sickest 

Average, 9.6 4.2 3.4 38.1 3.4 1.3 7 

Rye straw: | | 

Minimum, 6.3 2.8 | 2.2 $227.) 40200) DAO Mi ieretoniersters 

Maximum, 9.7 3.4 Segre 4923: b229)| Mel eaneeee 

Average, i feat 3.2 3.0 88.9} 46.6 | 1.2 | 7 

Oat straw 

Minimum, 6.5 8.7 PACE 31.8 33.5 ae dl Sseranane 

Maximum, 11.4 6.7 6.9 | 45.1 46.6 3.2 | waters oie 

Average, 9.2 5.1| 4.0 37.0 42.4 2.3 12 


*Luecern. 


No. 6. DEPARTMENT OF AGRICULTURE. 965 


Composition of Feeding Stuffs—Continued. 


| | 5 | oi 
| : } 
2 3 
4 a ra) 
F io} bs 
f is] o co) 
& cle Steclie cee luaes | 
3 a 2 2 s 3 3 
De e < A & IZ fy Z 
| | 
HAY AND DRY COARSE FODDER—Con- | | 
tinued. | 
Hay from: |Per ct.|Per ct.|Per ct.|Per ct.|Per ct.|Per ct. 
Buckwheat straw: | | | 
Milnit ratchet Seas sro eke essere ieee ooa tes 9.0 4.9 3.3 STz2)) 82.1) | Osler ae 
iMiizb aben\bterls. banerpeattie, DpAnorneLcrocretaree 10.4 6.5 7.8 46.8 38.9 1G fonnosetic 
ASV ELAR Grameen io aisovielcrsleite nistes) Sieve teteclaaniesiag 9:9 | 5.5 5.2 43.0 35.1 | 1.3 3 
ROOTS AND TUBERS. | | | | 
Potatoes: 
VAT Ieee eee acc ec estes daicish cle scne 75.4 0.8) 1.1 0.3 Lado ete dciee alt tater 
VEG ATT) UTIE ome ctetoyn cle eicic iota nel ote sin sivie sisaine's ¢cle cts wis 82.2 1.2 3.0 0.9 20.4 a agncoxs 
IY ACH SB SOLA CID BE DOO CODCUCOTBOD COL OOECCDOOE 78.9 1.0 2.1 0.6 17.3 0.1 12 
Sweet potatoes: 
Minimum, 66.0 0.7 0.5 0.6 18.0 VAC a loeiaoacan 
Maximum, 74.4 1.3 3.6 2.6 29).7 OG Sn series 
Average, (opal 1.0 1.5 1.3 24.7 0.4 6 
Red beets: 
Minimum, 85.8 0.7 i (aa 0.6 3.8 OATS steretrs 
RS ehribiiesh, SAN CAUACOOUODEDECCDOCCIOOERCrD Can 92.2 1.6 1.8 1 EY 11.3 Ube del orients 
PAS ONES OM ia cernicteiate sleiaieis c/s Ce\staleia(aicjelecisie\eicisrvintsien cle 88.5 1.0 1.5 0.9 8.0 0.1 9 
Sugar beets: 
INET THA TIVUT TID Bete etc wrelare siren tore watelel chess aleiolceletela sislaiers | 85.0 0.4 Tak 0.6 6.7 OST Seales ates 
NGAI LE ee <.o So ines meee Samlnmenicee sete ae | 90.8 | Lag B22 163 13.6 UF oomnance 
WAL) OT OE Babb cited areec stavsiske he shots a cietalslaeiaia sisieatesmratevar 86.5 0.9 1.8 0.9 9.8 0.1 19 
Mangel-wurzels: 
Minimum, 86.9 0.8 1.0 0.6 2.4 Oe iG ae se ee 
Maximum, 94.4 1.4 1.9 1.3 8.7 Opulence 
Average, 90.9 al 1.4 0.9 5.5 0.2 | 9 
Turnips: 
Minimum, 87.2 0.7 0.8 0.8 4.2 Oud lin ewes 
Maximum, 92.4 | 1.0 1.4 1.4 8.8 PAN Seek otic 
Average, 90.5 | 0.8 Vet 1.2 6.2 0.2 3 
Rutabagas: | 
Minimum, 87.1 | 1.0 1.0 1.1 5.1 Osd! |i eeeeee 
Maximum, 91.8 | 1.4 1.3 1.4 9.1 O°3" | aotrcaeme 
Average, 88.6 | 1.2 1.2 1.3 7.5 0.2 4 
Carrots: | 
Minimum, 86.5 1.6 0.8 0.9 5.1 0:2 |Rectcere 
Maximum, ip Wea! 1.3 2.0 2.3 10.4 On7) laren oreerete 
Average, 88.6 1.0 a eat alee} 7.6 0.4 8 
Artichokes: | 
Average, 79.5 1.0 2.6 | 0.8 15.9 | 0.2 a 
GRAINS AND OTHER SEEDS. 
Corn kernels: 
Dent, all analyses— 
IW hbebbeskbherh, cricaGeonooBOUaDAOGeHLOGoOC oonaa. 6.2 1.0 7.5 0.9| 65.9 Bet SAGA Seer 
Wie-ateehb bers”. Gy ocRGUbCOneGnUaAcCOradae ooaeied 19.4 2.6 11.8 4.8) 76.7 Tebillmaceaaee 
AVG aie Cemerer OeTeiocin lelstsroicie delet tieinisislerste oie 10.6 1.5 10.3 222, 70.4 5.0 86 
Flint, all analyses— | | 
Minimum, 4.5 1.0 TAU) | 0.7 | 65.0 O24 lis spe teeté 
Maximum, 19.6 1.9 1337 2.9) 76.7 et Aneanaric 
Average, mh Ne 1.4 10.5 ay 70.1 5.0 68 
Sweet, all analyses— | | 
1Gjbbelheeh lS AntadOton aceon Hs ac USdEEeaO snr 6.0 1.4 | 9.5 | 1.5 61.8 828) cisse 
DVS ATUUIIND, § acreia' sa ci cieje aleietereielolelalslelsieicisiejerecieiere | 109 2.4] 15.3 | 5.2 72.4 Hee ono dcodc 
JiR. Gonehe dooce bb Sooo DE UDbecoas pundod 8.8 1.9 11.6 2.8 66.8 8.1 26 
Pop varieties— | 
Wubsthaibect, mosoopdedesbtoedeooacldodpancaae 8.6 | 1.2 9.7. 1.2 68.4 CP alereboaad 
Wish dT bIy, | GoGSEonOneAScsncuLemccercereeadl 1158) ieee 74 | S14 | silat 6:04 areas 
DRIES, COLA eee tee ne 1087 a Deol | A28l) ees | eos6 5.2 4 
Soft varieties— | | 
Minimum, | 6.1 | 1.4 8.8 1.3} 66.0 BO) |lsoereeraets 
Maximum, 14.1 | 1.9 14.6 Sve 75.5 Bit Nicer p ernvers 
Average, 9.3 1.6 11.4 | 2.0} 70.2 5.5 5 
All varieties and analyses— | } | | 
RU Bhalbestibealso carcsoCUlba coc TocaDr cdedSOnDOGUSe | 4.5 | 1.0 | 7.0 | 0.7 61.8 | Fal I se Ai 
1 tb ghsetiber len GOB SbreDocSa uc Coon DEUCeOsOnOSde 20.7 2.6 eet 5.2 76.7 9733 asec 
VAG CARE Moe og. 8 OE eas igen 10.9 1.5| 10.5) 21] 69.6] 5.4 208 
Sorghum seed: 
Lihiobheathbtth expo coUOS lOO OOTgUND ACO sO sODHOdGUS 9.3 1.4 fot 1.5 59.0 PI arericac 
Maer UM sak Saeccn cet cee silo eines en mn ete es 16.8 4.3 | 11.3 Sa 73.6 CWT Nd eepnocce 
IAKETEAEG,) lose «sic Reunite penddc saBcdarc DosGann 12.8 2.1 9.1 2.6 69.8 3.6 10 
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GRAINS AND OTHER SEED—Continued. | | | 
| 
Barley: | Per ct.|'Per ct.|(Per ct. | Per ct. Per ct.| Per ct. 
DMA TNR UATIA  occie ora rapate ies ste are tareteintots cieletei als otetachare tele Wee 1.8 8.6 | 1.3 | 66.7 BN tere ccsteyove 
IVE ASCITATIIN | Cocrcrevare ato eietalteyomi tare nvavaceeieiic cherie 12.6 | Bue | et 4.2] 73.9 Sool eistereree iets 
FAN CHASE eRe. Win eae ea a eee racioee ace 10.9} 2.4 | 12.4] 2.7] 69.8 1:8 | 10 
Oats: 
Minimums, Deaascrosceron scree actin cieeeceremensen s 8.9 2.0 8.0 1.5 53.5 | Bl Seeiaoee 
iE a bene beet) myGH OAD AO oreo D aD Onenaele nyopersisletezsie 13.5 4.0 14.4 12.9 66.9 Pe oosscnoc 
AALVIGT SE Coe Tafareteieretcleie eevee aicictels siete elelevelersietolerciereciee| 11.0 3.0 11.8 | 9.5 | 59.7 5.0 | 30 
Rye: | | | | 
Minimum, 8.7 1.8 9.5 1.4 71.2 oi Gases 
Maximum, 13.2 1.9 12.1 2.1 73.9 | Srl Waeestaterees 
Average, 11.6 ne) 10.6 Daca 72.5 | ae 6 
Wheat, spring varieties: | | 
AVE TATUM terry teratotel tete.se, craters slere eleleieters:creterermvcloieleis 8.1 1.5 8.4 R33] 66.1 GSS Hi | cee aeretaes 
Wikb dbs. y~dodoupnadopasoopose suacean oododoed 13.4 2.6 15.4 2.3 74.9 Dui iore stents 
PSV OTIS OMe « fareseieereia: ctefelalsieiahe (oieselete’e oleic relataieretelefeleieierere 10.4) 1.9 1275; | 1.8 71.2 2.2 18 
Wheat, winter varieties, all analyses: | | 
PMA YATRA ELIE Meets rore ciara rane aie ceisieitie caieeiorsieiectee fine 0.8 8.1 0.4 66.7 5 Ds er cis 
IVT TTINUTIN, © cic oi vaso:o:s\ssereictelors'<is/ersleveiciaie s\e\stv-eteiclsrs oe 14.0 3.6 16.6 2.9 Hillel Be Ou eect 
Joka. | Ggadauacute cauanooouDoosLoOecntaoGnnad 10.5) 1.8 11.8 1.8 72.0 21 2A2 
Wheat, all varieties: | 
IN Huebbeohbhelh Moncoogugaccucopnocpequdos sbooDguddOD ied 0.8 8.1 0.4 64.8 Sie careers 
Wibabahbieds | esnaoageaneooooDnaoncsecndceaeccad 14.0 3.6 17.2 bya tilet! Ne eee cbcc 
IMME RADS  Godanonaungadupooscnocoumaaceduagcunc 10.5 1.8 The) 1.8 Weg 2a 310 
Rice: 
IWiitehbealhher nonce. de GnaaDAaplooGnbdoDancoponanoTn 11.4 0.3 5.9 0.1 77.5 (56h Logadoodt 
IEG thei heh) mOSSoGCREAGAnSOOd POUOADSACAOCDO CHOC 14.0 0.5 8.6 0.4 80.6 ONG)| Stace 
Average, 12.4 0.4 7.4 0.2 19.2 0.4 10 
Buckwheat: | 
Minimum, 10.9 1.6 8.6 7.8 62.6 yey ec 
Maximum, 14.8 2.3 ah ENG: 9.4 65.4 roe Sena 
Average, 12.6 Zao! | 10.0 8.7 64.5 2.2 8 
Sunflower seed (whole): 
Minimum, 8.5 2.1 15.8 29.5 22.0 2029) | yereterstenca 
Maximum, 8.8 Rare 16.7 30.3 27.7 AND) lenses 
Average, 8.6 2.6 16.3 29.9 21.4 21.2 r4 
Cotton seed, whole (with hulls): 
Wobaipoowbhosl.  IosaugsbaqaanoccopnodoosopanooouUUOOK 0; 2.9 14.5 20.3 17.3 WSL9!| coe cosie 
IND dbashbheay) pes aodon desone cop Snacduceononotoodd 17.5 4.5 Pay 28.7 29 PATA Recep 
ISMOENES > sasbagobh bospadoaodndaDOLoooEBUoObadGoU 10.3 | 3.5 18.4 23.2 2.7 19.9 5 
Cotton seed kernels (without hulls): | 
DVET VU UIVINUEVI ES erotarevaleie ete toteteoletelereieteraserelorointecretoteteielevene > 6.0 4.0 29.3 3.1 15.8 BLE jogos oboe 
iG. chegibhars | consnes cube one’ To OdconpuCOnraan 6.3 5.4 Sond 4.4 19.5 Sa [eee oe 
PANG T Oem referee caicietaareystchveia\eialtheleferersianeyarataretacelarere ¢ 6.2 4.7 31,2 path 17.6 36.6 2 
Cotton seed, whole (roasted): | 
Whbhmiobheek, JoqqssauqbondbobonoodoboEsa5codndo0de ret) 2.3 16.1 16.8 PATA takai! | iataetosterete 
Mmm diaabbenl,  oagoosndooobbdbonoGoousooconnoooddd | 9.3 8.7 17.6 24.0 25.8 DOT. | otecsterctnins 
Pade reaay, | Abadia senaDODUUO OCOD OUD DD ng nObeRae | 6.1 5.5 16.8 20.4 23.5: PTAC 2 
Peanut kernels (without hulls): 
Minimum, | 4.9 1 23.2 2.0 12.7 ROW il kooads ono 
Maximum, | uber 3.8 31.4 18.4 19.1 CUR US Sacodos 
Average, 7.5 2.4 27.9 wed, 15.6 39.6 | 7 
Horse bean, a la 8} 3.8 26.6 7.2 50.1 1.0 1 
Soja bean: | 
Minimum, 5.9 Bad! 26.3 | 3.4 26.2 BPA lic Heese 
Maximum, L9ESH 5.4 40.2 | 6.1 32.8 TAGs loeianaaer 
Average, 10.8 | eT Ns BRIE 4.8 28.8 16.9 8 
Cowpea: 
Minimum, 10.0 2.9} 19.3} 2.5] 50.5 1680 ere ener 
Maximum, 20.9 3.4 23.4 5.0 | 62.0 | TIA yl Beth 5 
Average, 14.8 | S52)]\6 208} 144 55.7 1.4 | 5 
| 
MILL PRODUCTS. | 
Corn meal: | 
IMiniimaettni = isortstsateie attests civiote ates orssisiememiereients 8.0 0.9 | (eile 0.5| 60.4 20d pewaaeure 
WiEB ibenthesy ) gaonoonnomoGdn de gocceMeeCHOOOUrsOL 27.4 4.1 13.9 Oil 74.0 | Biapllil overeat aistet 
NRE NORE RA ce coe EE ae micee eneee soc aer 15.0 1.4 9.2 1.9 | (| SAS 7 
Corn and cob meal: | | | 
Minimum, 9.5 132 5.8 4.7 56.8 | PASTA Saapsooo 
Maximum, 26.3 1.9 12.2 9.4 | 60.7 | Fel cas ous) otatets 
Average, 15.1 1.5 | 8.5 6.6 64.8 | 3.5 x 
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MILL PRODUCTS—Continued. | | 
Oat meal: |Per ct.|Per ct.| Per ct.| Per ct.) Per ct.| Per ct. 
AVG TDN UYU Meee rere elereretereintorelckereteiatetactclelelsiaisicictoreietaeiois 6.2 1.8 12.9 0.6 | 66.6 Gala Reiaee 
Mitwabeibe,  eagansoddanttogpaaeoecarcoseonenass eee ad | SEL ee AN) VE sanage 
FASTA CMRI tn) yf ee Pn Mee Sid ues 729 8.0] 14.7 OBC [IRA aime pa 6 
Barley meal: | 
AVETYIETINUTT pues: sterersteVoxis steforsjniets,a\enetaistore aftalslerctels o\cle's s 9.9 1.6 9.8 5.9} 63.5 | NEY Ros-aoo5 
MVICEASE TNE UYINY Sy os css caters ove. 0:cte.s/sra nisiels cisie orsieiad drecetsioiieisie oe Se 3.8 12°77.) 7.0} 68.0} BEA esocdscd 
J AGUS EEE AAO RADA DBD OOO OSD OOOO OEE RDE crs 11.9 2.6 10.5 6.5 66.3 2.2 3 
Rye flour: 
Minimum, 12.4 0.6 0.4 6.0 77.6 | O85) Meter 
Maximum, 13.6 0.8 6.9 0.5 ood O20) Bacseeee 
Average, 13.1 0.7 6.7 0.4 78.3 0.8 4 
Wheat flour, all analyses: | 
PMTTATEMUUI IYI atotoe ee sis ae =e islelaicicte cratic cc tisieisiewrlrs 8.2 0.3 8.6 0.1 71353] O26) Sanaa 
WEIN TTI Ae Peter icret mate er clecinetoldaren acSlenionss 13.6 0.7 13.6 1.0 18:5) |i le) Pere 
JS RAGS URAC OC ARSE Obo BON CHO CICUC OL Dane eee 12.4 0.5 10.8 0.2 75.0 nea 20 
Buckwheat flour: 
VETRTYEUUI IVA eee w cetnctcterarereis fete ateret crates tere’ <ahalereineterelee 12.8 0.7 4.2 0.2 iLel atl Warcgaesn 
WEB ebeabben,® BAdasoddasudauosd bcoUdonOOAGUOneOoT 17.6 1.3 Sit 0.5 79.4 | BR aaa aoor 
MELT OMe tec roieninie sVolcleice ois! sieleteicldicie sie cicteteine esate 14.6 1.0 6.9 0.3 75.8 1.4 4 
Ground linseed: 
Minimum, (lee) 3.4 20.3 5.0 25.5 8033) escc00008 
Maximum, 8.3 6.1 23.0 6.9 $0225) S05 Rl nencce 
Average, 8.1 4.7 21.6 rie 27.9 | 30.4 2 
Pea meal: . } | 
Minimum, 8.9 2.6 aaa 17.1 5 0.2 UE iaboobead 
Maximum, 12.1 2.7 21.4 17.7 52.0 a anh boos 
Average, 10.5 2.6 20.2 14.4 15.1 alee 2 
SOdambeanmealls camera cisisicte ccileeislee sce cces cere 10.8 45.5 36.7 4.5 27.3 16.2 1 
Ground corn and oats, equal parts: 
IBMT) fe GaSe GO OTMG LTO nA CHEE tite AOC nerG 10.7 1.9 BEA cts ss ares *70.4 CU ease ano 
INTER UTTN UL IM Sed crertetetnictsratei ter vicletele tse sclera toate daresciae 13.1 Pam gL Si Goria ccs *73.4 BsOu} eens 
PAVOLLE Cy bie cis sslavete ctojatoleteranerctale steitajolares<iaiorersie eietsisie's 11.9 2.2 EMA So nese *72:0 4.4 6 
WASTE PRODUCTS. 
Corn-cob: 
 Obeybeskbbeols asHACOcoS OOOROOCCUCUS Hanon oben orocdcd Kee? 0.7 shy 18.2 43.8 Ot: | aee.ec 
ME websmbberbn MR AG GnS eb UOGOodeC OSE ONOCnaDEOTABSeen 24.8 2.7 Sat 38.3 66.7 OSB eessee 
ASOT RE Oc oem antsionis ocliaisisianerajs Siaatceroe ss <atpiels « 10.7 1.4 2.4 30.1 54.9 0.5 18 
Hominy chops: 
Mohthowbbel Booqoqet donbooosbe une hetonnace cp aedc 8.1 1-9 7.9 2.5 61.0 4.5. \ tee 
IMIS Shoo bhota Wage h pode do soUncOOsnnnoDocheneeas 13.5 3.1 11.2 6.7 Teka nb EY 44 eestind 
PAG CTL EC sean tas: cae letersaleleiefeleinaiel Sareireiclan/ctvleisicieieatesss nh ea] 2.5 9.8 3.8 64.5 8.3 12 
Corn-germ: 
VET TITONAU EM emees cis a. ciote slaticiclels/eiseieiesisis.sicis sreis (esa sree o.4 Lg bel 9 61.9 i221 etelatsierets 
WU Sa Wi ls ile OAC Ode ae CB UCne ODODE SAC Eor 13.0 7.4 9.9: 5.8 67.4 2 al eco ooS 
PRSVEL ASC Mais ori leisicls b clause ojeisisialerais ciate sia wacernae 10.7 4.0 9.8 4.1 64.0 7.4 3 
Corn-germ meal: | | 
UTR TENS: ar amen HGAgaaC am DMaraOeONCOCOE 6.5 9.8 10.0 | 7.8 | 57.4 a Silly ecystertere 
nok pdleckbbetts. | Sonnoe cos osaO RDU aC ANSE oC ouOE ACE 9.9 2.6 14.0} 18.0] 67.0 LS Oa ears 
ASV ETE EG ors sicereleertiert nieve Sista’ aysioce ate ninieicewe clei aislate Bed 13 fie; 9.9 62.5 esl 6 
Gluten meal: | 
IMTDUTTTUDINNS 4 Serle ctapeletste lave ec ciclo araic ofnicieveje sieve (areverare 6.2 0.5 RallaR} 0.3 34.0 Bide |S creterotsioe 
IVE Gh TYME Vata com cletercovatevers nto artetcveleielele crete sys ele sieiers 53383 2.0 39.2 fetes 58.5 ZO" ORE ce eatee 
IAN AE: ee eC CACO OL COU ACTA note reat 8.8 0.8) 29.7} 2.2 49.8 8.7 54 
Recent analyses— 
Iv Reetholibesle aeemamoogeicoesanoopdes ocetos 6.2 | 0.5 21.4 0.6 34.0 (Ht eanaagoc 
Whee abialbbeky ecpoagdanting osapechoConpeAnacsDE ph beat 2.0 39.3 7.8 58.4 20° 0b Peercenne 
FAV ETASSS Wiens omic wose een Theme teai oars 8.2 | 0.9 29.3 3.3 46.5 11.8 20 
Chicagoj— | 
EAC UETED EG mMmmmererctevecttstotoictete: cleteiecieioicfeisresncte ciel svete 10.1 plea 30.1 1.6 48.7 8.4 6 
Buffaloj— 
EGGS Pan 68 Mor BORD SOL OO BOOOOHOROOAaOnaS 8.2 0.8 23.3 6.1 50.4 ah lap 1 
Cream gluten: 
ihobbepwbeele oc ono donuddan Soc MOD eABeUMobOnC babe Cent 0.6 34.1 1.2 35.0 13 Gi bensserete 
We oh astht eolpes Genito. OOH be SO DOREOn? SEAT OAaCr Ter 9.0 0.8 38.2 1.3 ALE AD: 153 |eiememee 
ANRC) eM 25, bac aah BOG Gon DOGS SORE On TSE toe 8.1 On, 36.1 ne} 39.0 LASS sare listers 


*Including fiber. 
t+Included in above average. = 
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WASTE PRODUCTS—Continued. 

Gluten feed: |Per ct.|Per ct.|Per ct.|Per ct.| Per ct.|Per ct. 
MATH Pesce eee cae Ce oer ns ae 6.3 0.7| 19.5 TG | AMSG MD |e eee 
Wipe lanbhey OSAgndadapasapacospuosoosocasagqennos 9.0 1.8 28.3 8.2 58.0 GWA heAGoane 
PASO ETI PENG eis He cra inlets iste alototereiniaeereeieierselalais elem inceiatalc 7.8 ahs | 24.0 | 5.3 41.2 10.6 11 
Bufialoj— | 

AV OTA E graces cwite cetera elses < a eee ce Ua ap 25.0 5.3" ~ 49233) 4176 5 
POPES saloitinle asolvis clove siejavarcverie eves alale alsin wi ois cine aie 14.0 0.6 33.3 | 1.6 36.5 14.1 1 
POOL aiden a icle escia ale ciels (otetel stay ateitatel<laiielerernisretiaetnietele | 7.3 | 0.8 19.8 | 8.2 51.1] 12.6 1 

Chicago maize feed: 

INT SA LEXE TERED sjetecostiase ion are ntove afovane =: siatal at cvareye \svorcinrs ate 8.6 | 0.7 | 19.3. 6.8 | 49.2 bYIr iGoddaude 
WMaclmtimny fe secant notte ae enc oeeee cok Sekai 9.7 | TEL 26-9) Sai 56.1 el Dees ot 
JAN GIES gned sticounbaoaunecooonoSobaomdnoGolna Set 0.9 22.8 7.6 | 52.7 6.9 3 

Glucose feed and glucose refuse: | 
LN GUETE “Sg deaounqupecsoobadeon asaoandocdnssed 6.5 ido) 207 4.5) 56.8 10.4 2 

Dried starch feed and sugar feed: | 
Minimum, 9.2 | 0.6 Dek Sen 49.2 Hfee3 | \Beaacioos 
Maximum, phe’ i bea] 22.1 5.6 59.6 | a ey be eS ig 
Average, 10.9 0:9] 19.7 4.7 54.8 9.0 4 

Starch feed, wet: 
iNtivathebbes WpeononaaKeDoadooBae onnanaoondeadsons 62.3 | 0.1 | 3.6 1.6 18.7 UBS) haan sabe 
AVAEKATUULINIS “Fe rciaversicibie clove nvavevecisieicicieteieioveye sere einen mele Nace 0.6. 9.6 | 4.4 28.9 | BA Oe erctete 
PA GTE Gee bre lcie ls love aiatcicistaletens is ntaicisvoletale cisiaicreserismeisiclee | 65.4 | 0.3 | 6.1 ot 22.0 | 3.1 12 

Oat feed: 

Minimum, | 6.4 3.2 12.6 Bail! 56.2 | GoM scents 
Maximum, 9.2 | 4.2 | 20.0 12.5 63.7 if} \tobarniconn 
Average, ete Rieti ala 6.1 59.4 7.1 4 

Barley screenings: | | | 
aN SV ari eae SEG ae eaten SP a Ro Omar aM | 12.0 3.5 12.1] 70) (61:6 CE Inaeeae. «6 
ike ahasbien | yon oousQedoCcODUCoOsOHo Jeeidoneoodo 12.4 3.6 12.5 7.6 | 62.0 Ae ne eee 
ISPSENA=S  cnptiaodanaacnDoon0Oo cOnaGonuasSObens 12.2 | 3.6 12.3 7.3 61.8 2.8 2 

Malt sprouts: | | 
Minimum, tno || 3.8 21.0 | 9.3 45.5 UP }e teghomcco 
Maximum, 12.0 6.7 25.9} 12.0 50.3 BAN eaeonucs 
Average, 10.2 Dat, 23.2} 10.7 48.5 1.7 4 

Brewers’ grains, wet: | | 
Minimums sees aecaes viaje dis cores saisisis se sisere cis | 68:6 | 0.3 4.3 ag 9.6 (ett toaeieda dio 
IVE AIC TVNENIMNG,  Bazayors)afarnis <)ots(araetave'a's’ ojatrtelel=!nia/s evel Vetsara'> 79.4 425 6.9 5.6 15:9 PB eres 
IAVIETAE CA Cac aielsoG oinis'e hoes ciew biel ese einem creme erase Oot 1.0 5.4 | 3.8} 12:5 1.6 15 

Brewers’ grains, dried: | | | 
A hhethembhet « Boo qonaonccoodosnooodSsbeaoanooadodc } 6.2 3.3 19:3) 10.2 46.1 | eA Iaaoscdsen 
MIT UM ees. fee eee oe ee ee eae oe 11,9) 8.8] 208+! 1156) 662s) amen ere 
INWERENRES  GogaonodonecacanoocuUbaonoonddcdodasd 8.2 3.6 19.9 11.0 ble 5.6 3 

Geran OMEUUCCTA tetova clovclafore]stsieisistelolalsleletole/ele sisisreis(oie\sleretsis 5.8 220) oda | 12.0 33.4] 14.9 1 

Rye bran: | | 
Wbbatoabhaly sArqqosoosonAONDD Osan Ide cacdnd doUdode See 2.9 11°65) 2.5 59.8 | A I ial Peep 
iMfp-ghealieasy  ooodqcoubocancandocosnodsacsenopdda Sf 4.5 16.8 4.1 67.6 UE bl leone coos 
WAsiaic kate sBabocsanabe souodUboUSunpDoobupaceoneNa 11.6 | 3.6 14.7 |} 3.5 63.8 2.8 ii 

Wheat bran from spring wheat: | | 
Mira UE eile Re sicrcsio ciate one ee osiets octamer cians 7.4 | 4.0 14.3 5.4] 61.7 826) fowences 
MVE ATMA TY I ee roles cieseteleretorcietetaistoloiets Gistese. Stelter ajatetelersts | 13.0 6.0| 18.1 10-1) 58.1 Bon Bebaseeod 
JEN) Su pededncnonucoD Bands sdonangouropcddo pe 5.4 16.1 8.0 | 54.5 4.5 10 

Wheat bran from winter wheat: | 
ANGE TALTANIA YIN ctstereleieiseresicfetsleleicieisiniewarnisiststots|sfeteissazeleters 10.6 | 5.0 13.9 7.2 | 50.5 SaDill ie tel cceiose 
IES ahaa bails aah Sono DD ent Aabeane sem baD asec at 13.6 6.4 17.8 8.9 56.2 AB ae srarcioys 
INVES Comes tome eG acticncisceaaiecenoine cities 12.3 ee) 16.0 8.1 53.7 4.0 Yr / 

Wheat bran, all analyses: 
istbebbipllieny) SebaTskoguenooepoaTolEAc CORTE SCL OS 7.4 2.5, 12.1 | 2.4 45.5 a Eel ooenbes 
NikWebselbbed, laagenaccenaanoooson00[ an0Ocue poDOd GO 15.8 ticks 18.9} 15.5 63.2 eh eeicrelerare 
PANT a Bere inn ce cele cissclteleleloieioleisieteye ciciele Beteveiersiciole ab) 5.8 15.4 | 9.0 53.9 4.0 88 

Wheat middlings: 

Whhabebels Meaqoadenoocodno cosa sdodnonccoaacods 9:2 1.4 10.1 | 1.3 53.0 PXSU eaponooS 
IWGP shekthee SsocHeoagboonoocesLOEsoLoCEUdbaeoodG 16.0 6.3 2050)|" ee, 70.9 EA ailebodudes 
JAgeiintyy © Sao s50ob aktoSDdooUbpo bone Bboumeode 12.1 S358) 15.6 | 4.6 60.4 4.0 32 

Wheat shorts: | 
Minimum, 4.1 2.0 1122 | 6.0 50.0 | Dea iatameteetee 
Maximum, 15.5 6.2 19.4 10.5 67.0 Gale eee 
Average, 1.8| 4.6| 14.9| 7.4] 56.8 | aS 12 

Wheat screenings: | 
Wikbaitanbhes Beyacooooonesosberadoosdosyendobaeda 7.8 129 8.3 | ulpy! 61.0 | Diller setts 
Wikbélasibea, Soqqosnoo sooo qoonosoBuDsoconOSsEcenS 13.6 3.8 16.9 | 7.5 70.4 BeS I\e wre cokes 
IESENSS Gaba aoaddoasncononoodoseaacbeonDpoone 11.6 259 12.5 4.9 65.1 | 3.0 10 


yIncluded in above average. 
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WASTE PRODUCTS—Continued. | | | | 
| | 
Rice bran: Per ct. ‘Per ct. Per ct.! Per ct.|Per ct.| Per ct. 
Mitnbeha}, abqendsesonnddeonpeeddh lobeadocaecde 8.8| 8.4] 10.9] 2.0] le sega nee 
WEB dbahihy  rooseoScELasoaver GoDoe Uda pnadoece 1087 |, 12241), 1356 17.8 CVE REE lespqacac 
VAVOTE SCs. ceisicinisis\sis(ic' o/s, 0/eleleie.s/o/ale\ele\elotsfeleie\selo\e's)«:610 9.7 | 10.0) 12.1 | 9.5 | 49.9 8.8 5 
Rice hulls: | | | | | 
iW hhibehloerh ee sqcqmnqncdencancondd poqbcocsoEcarc TET 10.5 2.9 30.3 36.0 0.6) eeepc 
VEER TVD UN TNR rete cate eleraiv. aie! sjele wieinieia’eis.e ciajaja/s,0's'e(sle'e n:cie 8.5 15.1 csey i 38.6 41.6 Te Sconce 
WAC err tema ete ola raie eiercielsini em slcislareiciecale/elelsincrepeleieiacs 8.2 13.2 3.6 Sbait 38.6 0.7 | 3 
Rice polish | 
MGT TU THTe eee ec eicicicte ec leew odelcis cavclciele eee sienye 9.0 2:8 16.9 2.4 45.5 6.6) |(cseeriete 
RV xd rr UI ee sree ole easels ciciare 1 Laivielelelolelnv'eole'eieieis 11.2 bh es 12.9 14.5 63.3 SO ace. eee 
PAC CTAE © tne Bacio laleistclelaiclalaratefaiaveteleisiclece «/nlojoje¥olore\s 10.0 6.7 11.7 6.3 58.0 7.3 4 
Buckwheat middlings: | f 
iMGbihabbuily “orGadcbases dBOoC CQOEDCCAOnrACOCnoT 9.5 4.4 25.1 2.4 36.3 5:7 
VERA YITUTYI ee \oscters cto etsiaiete aleiaie'e sieleleieiciare.c.c\sysisieieis v'e'= 16.3 5.5 31.3 5.7 52.7 8.1 
PCV ENA CH I isiicetaceine Neale seelsisies cic cjelsielsicfs(als sists 13.2 4.8 28.9 4.1 41.9 (ial 
Cotton seed meal: 
RTA rad ret yyT mee a ialeleteeiniclelsis:clelotereieicteyafotererstarerera\s 5.8 ny | 23.3 | 183 a Fy 828° |\esieeaee 
IMGs dhrakbhiaW » a cetong Ase oe Oa RDO DASOUs Eanes nae ocr | 18.5 8.8 50.8 | 10.1 38.7 1S On| poe F 
JSC EG» poeten cacoodbooprmuna cbonuue cadSaacd¢ 8.2 Ts2 42.3 | 5.6 23.6 10 35 
Cotton seed hulls: 
WEhbhelbih. Benoccadhdeorencroodsnoucc moncocanc "9.2 | 1.8 2.2| 87.9 12.4 0:363)| eres 
MaXiMuM, ..cecccccccccscrcrccrccsctccsccccee 16.7 4.4 5.4 | 67.0 41.8 at ellonouicree 
VASC ETE Mle tiininele etl sieiciase ian tie a slalostersinsalaieteir(e/2 11.1 2.8 | 4.2 46.3 33.4 2.2 | 20 
Linseed meal, | | | | 
Minimum, 5.6 4.6 20.7 4.7 28.4 Bilt cacers é 
Maximum, 12.4 8.2 38.2 12.9 41.9 ES Gul Wetrearectcte 
Average, 9.2 5.7 32.9 8.9 35.4 7.9 21 
Linseed meal, 
Minimum, 6.0 5.0 27.1 7.6 35.2 DSB reeeaeyers 
Maximum, 13.4 6.9 } 38.4 4.0 48.0 fe erBACOA 
Average, 10.1 5.8 38.2 9.5 38.4 3.0 14 
Peanut meal:* 
Minimum, 6.6 Sei 37-5 225 28.5 | Boonboct 
Maximum, 15.4 5.5 52.4 7.4 30.3 ITS eeoaccle 
Average, 10.7 4.9 47.6 Bel 23.7 8.0 2,430 
Peanut hulls: } 
Minimum, 7.8 19 4.6 56.5 9.7 O29 | sscfe-ctece le 
Maximum, 10.8 4.6 8.6 72.3 18.9 2°20 inxostoeee 
Average, 9.0 | 3.4 6.6 64.3) 15.1 1.6 5 
| | | 
MILK AND ITS BY-PRODUCTS. | | | | 
Whole milk: | | | | | 
Whitest breibbeghe manAbodhadoscodetioc unpOdkadGanccobene 80.3 0.4 | BLM stlestetere 2.1 RT etstersters 
iiietapsee © Sspqupdopnodeposecobodcooscanope babe 90.7 1.2 | (ay i eeooonad 6.1 | GSbioteaaeiee 
ISS SEAS. “Spe COPOUOODUUE CGN DORo OD OODOCLOODOR OGG 87.2 0.7 | 316! oe. eee 4.9 3.7 798 
Skim milk, cream raised by setting: | | 
TEV ATHAUITYE fe tac ieiel teteinticiai aeisiceielele on sjoicinle eieiviejeisicieele 88.3 0.5 22 Gl sretatetessiers 3.8 Os2Aeerteresier 
IVES abihibit Ey SSoceAACODADD TOPCO OUTOODOOOODOC 92.6 1.0 al Idcoto cea 5.5 PAR eamocdc. 
PACVET AEG Meee ee iieicie oi siolels ererdie] sfe\elele elo slevelclerste(nvais 90.4 0.7 Bio) neh gece 4.7 0.9 $6 
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Minimum, GURY Udder lected InGoachinng POOnDOSG, Paceoranal diecos dae 
Maximum, (PS sar gece ena incbr nines badccoac paccurod licocdnce: 
Average, 90.6 | 0.7 Bille oaiaeac Bed, 0.3 7 
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PAU ET AEN lorcisitisrsiciciele s ciciet’='=:n\cfoseninsielvicwiseiselsia(ols 90.1 | 0.7 | SIONS oer inicio 4.0 | gil 85 
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INGA yer eae oer eae acies 93.2 0/3) e035 le-crr cere 4.4 IMI eases ‘ 
WGSdhabheth GoSrbODOORCCOL COC CUCOUCERCOSOGNES 94.6 0.6 | 12 J oeeeeeee 5.8 O22 alleieteterciete 
INGOT AREH (ae cst cc cies siete oles Jace Gono Adoormadabs 938.8 0.4 | 0.6 | aalestncive 5.1 0.1 46 
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AVERAGE COMPOSITION OF FEEDING STUFFS. 


aken from Bulletin No. 16, Prepared by Enos H. Hess, of the 
State Experiment Station, State College, Pa. 


The following table is taken from “Rational Stock Feeding,” by 
II. P. Armsby, with a few additions from the New Jersey report 
of 1894: 

“The figures for the percentage composition are taken, in nearly 
every case, from the compilations of analysis of American feeding 
stuffs, prepared by Drs. Jenkins and Winton, of the Connecticut 
Station, for the Office of Experiment Stations of the United States 
Department of Agriculture. The figures for the percentages of di- 
gestible matter, contained in the last five columns of the table, have 
been calculated from the average results of American digestion ex- 
periments, as compiled by Director Jordan of the Maine Station for 
the Office of Experiment Stations. In those cases in which no 
American results were available, the average results of German di- 
gestion experiments have been used, and in cases where no results 
were available the digestibility has been estimated from that of 
other feeding stutfs of similar composition and properties. These 
latter cases are distinguished by being closed in parenthesis in the 
table. 

“Under percentages of digestible matter are given, first, the per- 
centages of digestible protein, carbohydrates and fat; second, in the 
column headed ‘total,’ the percentage of total digestibie matter re- 
duced to its ‘starch equivalent’ A pound of fat has been shown to 
be about two and one-fourth times as valuable as a pound of carbo- 
hydrates for the production of heat or force in the body; conse- 
quently the percentage of fat has been multiplied by two and one- 
fourth and the percentages of carbohydrates and protein added to 
vive the figures under the heading ‘total’ in the next to the last 
column of the tabie. By the nutritive ratio of a feeding stuff is 
meant the ratio of digestible protein to other digestible matter, the 
latter having been reduced to its starch equivalent. Thus, the first 
feeding stuff given in the table contains 1.1 per cent. of digestible 
protein and 12.3 per cent. of total digestible matter calculated to its 
starch equivalent. Subtracting the 1.1 per cent. of protein, we have 
left 11.2 per cent. of other digestible matters, consequently, the 
ratio of digestible protein to other digestible matters is 1.1:11.2, or 
1:10.2, as given in the last column of the table. 


No. 6. DEPARTMENT OF AGRICULTURE. 981 
Z ania < “3 
Average Composition of Feeding Stuffs. 
Percentage Composition. Ge ieee 
an | 
2 
n F | | 
S = | Ss 
| : 
Slee | 3 3 
° » | & = 
t Pie) Hie : iS! 2 
2 | 68 & | . | w¢ 3 = = is 
FI g i) && 3 | es - se 2 : 3 5 
3 Gil) 2 ee salen 2 B 3 S = 
Zee atest lees | mOm fe iy o Ei B vA 
Soiling Fodder. | 
Corn—dent, cut be- | } 
fore glasing,...... 541 79.7 | 1.2] 1.7 5.4 4.5 0.5 1.6 11.8 0.4 | 13.8 14:11.5 
COW? NEA acceso} 10 | 83.6 | 1.7 2.4 4.8 eS URS So) | ea er 7.0 0.2 | SE nee EY! 
Crimsun clover (just | | | 
HCAGING Fon. cnc= 4) 2) ede L245) 265 1.8 429) |e O24 RT 4.4 0.2 6.6 1: 2:9 
Crimson clover (full | | | | 
LOOT Svc nttnn ee | 6 | 81.5 T25C Waose | 5.E) 8.1 0.6 2:2 | 8.2 0.3 11.1 Leer 
Odtsiv nics a oes | 5. | 62:2) 2.5 | 324) 19-2)) 19:3 | 1:4. | (@:7)} (2.3)| (1:0) | @7.3)1 Gd: 9:2) 
Orchard grass * in | | | 
pings oes scree} 4| 73.0 | 2.0) 2.6) 8.2) 18.3 0.9 St) eb 5 0.6 | 18.7 1: 9.4 
Pasture grass,* ....| 17 | 70.3 2.8 AT)! 16.5) | 8425 fe 122 S25.) 16525 0.8 21.5 rales 
Red clover, Perso TO. O) (Noes | Ned eal Bett teal tener: 3.0 13237} 0.7 17.9 1: 5.0 
RVG! aspen VpGal 82-01) 16-224 | 24 Sli eo) le 0872) — 169 9.8 0.5: |) 12:8) [pas i5e7, 
Soja bean, 6 | 74.8 2.4 3.0 | 7.3) 11.5 | 1.0 (2.3) | (10.0) (0.7) | (43.9) | Gi: 5.0) 
| | | 
Silage. | | | | | 
Corn silage—kernels |} | | 
glazing or more| - 
MACULE,, Sec ecesce 14 | 72.1 1.4 2.1 CPi bs ira Gee Ss) bes) te Wa ea 15.7 ot elo 1:16.5 
Red clover, ........ 5 | 72.0 2.6 4:2) (8:4) 14-6 |) 222 (2.8) (3.5) (0.8) | (48.1) | Gi: 5.5) 
| } | | | | | 
Hay, Straw, Ete. | | | 
Pt altamwhay, — sco, 21 8.4 1.4 | 14-3 ).25.05| 42-7) 2.2 10.4 | 40.5 Pee bSe4 Poet 
Corn fodder—field | | | | | | | 
GO ieG “Ge Reeecconce 35 | 42.2 2.7 | 4.5 | 14.3 | 34.7 | 1.6 2.5 33.4 | 122 We e8-6 1:14.4 
Corn. stover*—field | | 
GUTER IS scdacccaedee 60} 40.1 | 3.4] 3.8 | 19.7 | 31.9 eer 2.0 33.4 0.6 36.8 1:17.4 
Clover hay—red, ...| 38 | 15.3 6.2 | 12.3 | 24.8 | 38.1 3.2 6.4 34.9 1.6 44.9 a 
Hungarian grass, | } } 
ih hoe SARE PAGoCeADCE 12 its 6.0 | 7.5 | 27.7 | 40.0 | 2.1 4.2 46.7 1.0 53.2 1:11.4 
Mixed meadow | | | | | 
STass Nays © ce... 11 | 16.0 | 4.6 6.4 | 29.9 | 41.0 |. 2.1 3.6 42.9 | 1.0 | 48.8 1:12.6 
Mixed (nay... cccs.c. ---| 14.3 | 5.3} 9.1 | 26.9 | 41.5 oe ca f Stee el Lib | 4724. ae Ea! 
Chie (StEAW geen ccc bs | 9.2 | 5.1 4.0 | 37.0 42.4 2.3 1.4 43.9 0.9 47.3 1:32.8 
Orchard grass hay, 10 oF 6.0 8.1 | 32.4 | 41.0 | 2.6) 4.8 42.0 1.4 50.0 E94 
Redtop: hay, --.<..... 9 8:9 | 5-2] 7.9 | 28.6 | 4&5 Eg 4.3 46.9 | 1.0 54.0 1:10.3 
Rye straw, -.2.-... 7 | 7.1 | 3:2 | 3.0 | 38.9 | 46.6] 1.2 | 0.6 40.6 | 0.4 43.1 | 1:69.2 
Timothy hay, ..... 68 | 13.2 4.4 5.9 29.0 | 45.0) 2.5) 2.9 43.7 | 1.4 | 49.8 1:16.2 
Wheat straw, ..... 7 9.6 4.2 $24, | 38. f |, 43.4 | 13") 206 | 38.2 | 0.5 | 39.9 1365.5 
Roots and Tubers. 
RET OES 6S vec erasisess)| 8 | 88.6; 1.0 yy 1.3 7.6 0.4 (0.S) (8.2) (0.3) | (9.8)} G: 9.9) 
Mangel wurzels, ey LEE EET ees 0.9 5.5 | 0.2 Bia BeBe Sa Peeecne 6.5 1: 4.9 
ISGEALOCS. a. ee ne cnc 12 | 78.9 | 1.0) 2.1 0.6 | 17.3 0.1 0.9 USE eee 16.6 1:17.4 
Rutabagas, ........ 4 | 88.6 aA SEO ners 7.5 0.2 1.0 8.1 0.2 9.5 1: 8.5 
Sugar beets, ....... | 19 | 86.5 0.9 1.8 | 0.9 9.8 (1 a a Bal 10.7 O11 | 12:5 EXGss 
AUEPETEELISS © Setonine e oeiatels 3 | 90.5 | 0.8 int El | ea bey} 6.2} 6.2} 1.0 | 7.2 0.2 | 8.7 Eaton 
Grain | 
PSAVIC Ys nce sec cteteteiele 10.9 2.4 | 12.4) 2.7) 69.8 | 1.8 8.7 | 65.6 £6) | 577-94) 582 S-3 
Buckwheat, 12.6 2.0 | 10.0 8.7 | 64.5 | 2.2 (7.8)| (50.7) (1.8) | (62.6) | (1: 7.0) 
Corn—dent, 10.6 | 1.5 | 10.3 2.2 | 70.4 5.0 | 6.2. | 64.8 4.6 | 81.4 | 1:12.1 
Corn—fiint, | 12-3 1.4] 10.5 | 1.7| 70.1 | 5.0} 6.3) 54.5 | 4.6 | 81.2 1:11.9 
Corn—sweet, 8.8 | 1.9] 11.6} 2.8 | 66.8 | 81]) 7.0] 61.5 |} 7.5 | 85.4 | 1:11.2 
(GENER Ccacdoe 11.0} 3.0} 11.8 9.5} 59.7} 5.0} 9.2 | 47.3 | 2.6 62:4 1 Es'528 
DHE CR SR aoerae 14.4 Zot | Lae 5.4 | 53.0 | 1.9 | 18.8 5LeZ8| 1.0 | 72.3 1: 2.8 
FRY ON wince cciceeececsce 11.6 1.9 | 10.6 1:7 | 72°5 piers | (6.4)| (66.7)| (1.6)| (76.7) | (1:11.0) 
Sorghum seed, ..... 10 | 12.7 pal 9.0 | 2.6] 70.0 | 3.6 | (5.4)| (64.4)| (8.3) | (72.2) | (1:13.38) 
Wheat—spring, 9) i C1 BO) Ps Bet: 2 is We sg 2 2.2 (7.5)| (65.5) (2.0) | (77.5).) (1: 9.3) 
Wheat—winter, 262 | 10.5 1.8 | 11.8} 1.8} 72.0 Bek | (7.1)| (66.2) (1.9) | (77.6) | Gs 9.9) 
Wheat — winter | | | 
raised in Pennsyl- | } 
RV chibi te sreciote eer. 41 | 10.7 | 1.6 | 11.8 | 1.7 | 72.2 | 2.0} (7.1)| (66.4)| (.8)| (77.6)| 1: 9.9 
| - | | 
Mill Products. | | | 
Barley meal, ...... 3} 11.9 2.6 | 10.5 | 6.5 | 66.3 | 2.2 7.4 64.3 2.0 76.2 | 1: 9.3 
CGorngmealy To soeccee 7 } 15:0 122) 922 129 | 168271 93-8 5.5 | 63.2 3-5 76:6 | 121239 
Corn-and-cob meal, CGM ee 1.5 8.5 6.6 | 64.8 | 3.5 4.4 60.0 2.9) es 1215-8 
BGR INCA (scene noes 2 | 10.5 2.6 | 20.2 | 14.4 | 51.1} 1.2} 16.8 Bey ah 0.6 69.9 | 1:)322 
Rye bran, ... (ee oe: 3.6 | 14.7 3.5 | 63.8 2.8 | (11.5)| (44.3); (2.0); (60.3)/ (1: 4.2) 
Wheat bran, ....... 88 | 11.9 5.8 | 15.4 3:0: | 53-9 4.0 12.0 38.9 2.9 57.4 1: 3.8 
Wheat middlings, 32 | 12.1 3.3 | 15.6 4.6 | 60.4 4.0 12.8 53.2 3.4 73.7 1: 4.8 
Wheat shorts, 12 (11.8 | 4.6 (14.9 | 7.41 56.8 | 4.5 | 12.2 50.0 3.8 70.8 | 1: 4.8 
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Average Composition of Feeding Stuffs—-Continued. 
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eee 
By-Productand | | | | 
Wuste Material. | | 
Apple pomace, .... 7 | 76.7 0.5 1.4 3.9 | 16.2 1.3 GED) GG S4) ieee | (17.5)| (1:14.39) 
Brewers’ grains— | | | 
(sho loak 0 A Saas enpen 3 8.2 3-0) 1990 Ma Oa bt 5.6 15.7 |) 36.3 5.1 63.5 1:°3.0 
Brewers’ grains— | 
VWiline, aocobpoodonécce 15 | 75.7 1.6 5.4 3.8 | 12.5 1.6 4.3 9.4 a I) 17.1 a We Pa | 
Buckwheat mid- | 
(Ibe © Absdnqobcooc Si lse2 4.8 | 28.9 4.0 | 42.0 7.1} (23.7)| (87.0)| (6.0)| (74.2)} “1: 2.1) 
Cerealine food,* ... 3 | 6.9 | 2.6] 10.6] 6.8 | 62.3) $8.1 9.0 53.4 6.6 fitfen’ E78 
Corn oil meal, ..... 3 9.0 2.4 | 24.8 6.7 | 43.6 | 13.5 2h 38.2 10.9 aS El roel 
Gorn, COPS; osecscss 18} 10.7 1.4 2.4 | 30.1 | 54.9 0.5 0.4 52.5 0.3 | 3.6 1:33.0 
Cotton seed hulls, 4 | 10.4 2.6 4.0 | 44.4 | 36.6 2.0 0.4 31.5 5 35.3 1:87.3 
Cotton seed meal,.. 35 8.2 7.2 | 42.3 5.6 | 23.6 | 13.1 7.2 15.1 12.7 - | <8039 a Len ee 
Gluten meal, ...... 32 9.6 0.7 | 29.4 1.6 | 52.4 6.3 25.6 47.7 | 5.5 85.7 LCA 
Buffalo gluten 
ANCAL Wo teee Stace 1 | 7.8 1.0 | 21.8] 6.7] 52.7] 10.0] 18.5 45.6 | 8.1 82.3] 1s 324 
Chicago gluten | | | 
7407 eee ERE ROO En nt pobkst U2) 35.15) (0.7 | 45:0) 6:9'|| 130.5 41.0 | 6.1 85.2] 1: 1.8 
Cream gluten meal, 1 8.1 1.2 | 38.4 3.3 | 32.8 | 16.2 33.4 29.5 | 14.2 95.4 1: 1.9 
Grano gluten feed, * 3 6.0} 2.7] 31.0] 11.4 | $4.7] 14.2] 26.4 33.0 11.5 85.3 | 1: 2.3 
Germ meal,* ....... aR WPA) ab lbal |e Alsy. 2.9] 45.8 | 29.6 | (18.0)} (48.8)| (26.7)| (116.9)| ........ 
Linseed meal—new | | 
IDLOCESS eco acie- sei 14 | 10.1 5.8 | 33.2] 9.5 | 38.4 3.0} 28.9 38.8 2.7 72287) peleateG 
Linseed meal—old 
NOCESS) Geeeeicis- acs 21 9.2 Dab oace 8.9 | 35.4 ew, ooeS. BPA | rant) 77.8 0 Dees Bet / 
Malt sprouts, ....: 4 | 10.2 5.7 | 23.2} 10.7 | 48.5 3 18.6 36.5 a 58.9 1: 2.2 
Dairy Products, 
Buttermilk; -sc..cc7.- Cal OLS 058) | e2eSiline acre AeS || 0:3 2.8 4.3 0.3 1 fs Sd oe i Ie 
MG Foo nec eicerceckic | seams CRE WA soil Eon dae Ded 3.8 3.1 5.1 | 3.8 16.8 | 1: 4.4 
S)ISh eS ceil enone 303 | 90.5 0.8 SEO aersta srs 4.8 0.4 3.5 4.8 | 0.4 9.2 LEG: 
ROVTLOM Mk cio ttststeratcietas stare cere nici 93.0 0.8 O Silas 5.0 0.4 0.8 5.0 0.4 6.7 gD 


{The fat reduced to its starch equivalent by multiplying by 2.25. 
*Taken from the New Jersey report for 1894. 
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HOW TO COMPUTE A RATION. 


The method of computing a ration is very simple if one knows 
how to do it, but “know how” is often very difficult to learn. It 
will be explained in as simple terms as possible in order that all 
who read carefully may learn how. 

We will take a ration that contains 45 pounds ensilage, 5 pounds 
clover hay and 6 pounds buckwheat middlings. By referring to the 
table showing the composition of feeding stuffs, we find that these 
three foods contain the following amounts of digestible matter: 


Present Digestible Matter. 

a : 

5) 3 

| = - = 

| & & 3 

| ~ MH 

bs S © 

| ce) S i a 

= oO ro] r= 

ake 3 q < $ 

O° hs a ov] =] 

H Ay | © od a 

| 

| { ant 
Ensilage—kernels glazed or more matured, ... 27.9 Lt 15.7 ye 1:16.5 
COW Tekh AV — UOC Mens ofoletcts atave ais arelersrerstelolclelserereisierelersiora 84.7 6.4 34.9 | 1.6 6.0 
IS{olel qydikeeys weowolobubok=s" oppo BsaAeeEorcopUetoop Ronde 86.8 (23.7) (37.0) (6.0) | (1: 2.1) 


There is 72.1 per cent. of water in ensilage; to determine the 
amount of dry matter we subtract the amount of water it contains 
from 100, which leaves us 27.9 per cent. of dry matter. (See table.) 
The dry matter is obtained in this way for clover hay and buck- 
wheat middlings or any other food you may wish to compute the 
aualysis of. 

The figures in the above table give the amount of digestible food 
in one pouud of the different materials. In 45 pounds of ensilage 
there would be 45 times as much; in 5 pounds of clover hay there 
would be 5 times as much; and in 6 pounds of buckwheat middlings 
there would be 6 times as much digestible food as is given in the 
table. Multiplying these figures by 45, 5 and 6 respectively, we 
get the following: 
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: = 
my 
o 
t Pe 
ui = 
1°) 
S 2 fo) 
= a va 2 we) 
0 ~ 2 a £ 
e b 5 ts 5 
e 3 FI 4 3 oa 
c = 3) S a ce 
& & S cm = fe =, 
= ° be 3 a ° - 
1 iS Ay oO | ed a | a 
Lbs. | Lbs Lbs. Lbs. Lbs 
UTES NIAC See relacciisis otec ain carne slevarcleeein itt 45 | 12.56 50 7.08 -50 SOS stereo creraaniars 
GIDEA AY) Wee kos ooti ne ane cietoiente 5 | 4.24 .32 1.75 08 Dol, |e clcete wees 
Buckwheat middlings, ........... | 6 5.21 1.42 2.22 36 4200" er Saeeceine 
PEMOLELNG  oicraiclotelofo’aievatterereveietecatate le ates | eeleisiet Nelels 22.01 2.24 11.05 94 14.23 | 1: 5.9 
Reduced for a cow weighing, | | 
AP OOO POUT GSS M veoiec.caiieais oe wie cals ol| maracuietersicie 22.69 | 2.31 11.39 -97 14.23 tobe 
Wolf seGerman’ (standards fj. .cic|\ss0s- ieee 24.00 2.50 12.50 -40 15.40 | 1: 5.40 


The cows receiving this ration are assumed to weight 970 pounds. 
Other things being equal, the heavier the cow the more food she will 
peed. The standard ration gives the amount of food required for a 
cow weighing 1,000 pounds. Therefore, in order to compare this 
ration with the standard it has to be reduced by dividing by .970. 
This quotient gives the amount of digestible food that would be 
required for a cow weighing 1,000 pounds on the same basis. It will 
be seen that it does not contain as much total dry matter, pro- 


tein, carbohydrates and total digestible matter as the German stand- 
ard; but more fat and the nutritive ratio is wider. 


HOW TO CALCULATE.THE NUTRITIVE RATIO AND TOTAL 
DIGESTIBLE MATTER. 


if we burn a pound of coal we know that there is a certain 
amount of heat produced. If this heat be applied to water there 
will be a given quantity of the water converted into steam. Com- 
press this steam and we get power by which we can run a threshing 
machine or lift a weight. 


If we burn protein, carbohydrates or fat we will also get a certain 
amount of power if the heat is applied to water. We will assume 


that the burning of one pound of protein will produce enough power 


to lift one pound one foot from the ground. The carbohydrates have 
about the same power; but the power produced by burning one 


pound of fat is two and one-fourth times as great. That is to say, 
on the same basis, we multiply the amount of fat by two and one- 
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fuurth feet from the ground or two and one-fourth pounds one foot 


from the ground. In order to have the protein, carbohydrates and 
fat, if one pound of fat were burned it would lift one pound two 


and one-fourth feet, and add this product to the amount of carbohy- 
drates and divide the sum obtained, by the protein. The quotient 
will be the ratio. In the above ration there is .94 pound of fat. 
This multiplied by 24 equals 2.12 pounds; add to this amount the 
11.05 pounds of carbohydrates and we have 13.17 pounds. Divide 
this amount by 2.24 (the amount of protein), and we get a quotient 
of 5.9, which equals the ratio of 1:5.9. That is to say, there is one 
pound of protein or milk and muscle forming food to 5.9 pounds of 
carbohydrates and fat or heat and fat forming foods. 


AVERAGE PENNSYLVANIA PRICES FOR FEEDING STUFES. 


In a subjoined table is given as near as possible the average sell- 
ing price of the different feeding stuffs for the past ten years. It 
was next to impossible to get figures for so long a time on some of 
the feeds. In these cases the present prices were taken. The cost 
of all the rations are based on the figures given in this table. Inthe 
case of hay, corn stover and other products of the farm the prices 
given are somewhat below the market price, and in the case of 
the by-products that have to be bought, the prices are slightly 
higher than the market price. This was done in order to make al- 
lowance for the expense of hauling to or from the farm: 


60 
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Price per Ton. | Price per Lb. 
BEANO Oa Mrtctctarstntn ci ciateyetcle ole o ercisim tinicvelevelaiaraseyel « sieves alaley alele:eYorese e's etpiahevelerstietttelare $20 00 1.0 
ES NW CE sated SU ED LTD SI LIVI) tlc etn ‘a ave jos avarelata(atais{<lncolarajsie/aretsio/atatats apute/eraisVa(atala\siorarsiaie 14 00 | 0.7 
BuUCKWhHEAE MEAL, ccc cciccesccveccersccencsscssccercterccesenscccececeres 20 00 | 1.0 
BIClownCae TM CGIIMIES said scare crais ticve cteeiaters sve leteiese re ietstcveielcinyotels cieleie aleraia/eteyaiave 18 00 | 9 
(OV ayiXejeds Joes GARR aes ee Pe IgE AEA ive te aE ee is acm Lt ana 9 00 | 0.45 
CER ESAT TAG TOO he aie os cicrevsswiefe ola.sreieve,sicia)elelaresetorerolarelereretetelevet eis. efels/erstele (e/efalns(aleraiotete 12 00 | .6 
GOENHRaNG=COD! WEA]. a..ds. loca sietarsiepeos spiel ovatord ara, ct eve lelw wie /cia/s arene forsletatesateieintersiareiatd 15 00 9 75 
CREEK LD ss oCotare.e:c''o'anicibinlole a bleeieieselcls oisin, o aintelwiota eet talele cis eiesoheieiare or aidiatee Niele? 19 00 | 0.95 
MCR TA LAL IZS 58D ccs iss staxacctesatctarstoveterelatelatontels/etotereW cieeatoielaVetareteioie teele ate tem rcletelei ste alia sapere 2 00 -Al 
RSRCHEEMT SLOW ON Go rarc smn zie: tn cletatave rs rclovabins aipinia ure tile «tie sete ene miaretitoie alana e cele 5 00 | 0.25 
Cotton seed meal, .......... 26 00 ie 
CRIEON INCA sieeisersickerwie eke a 18 00 | 9 
Gluten “meal” <. oceass sate 18 00 | 0.90 
Gluten meal (Buffalo), .. 18 00 | 9) 
Gluten meal (Atlas), 18 00 | 9 
GYEON LV, | hassleleics nace oe 2 00 | al 
Flominy meal) siscceicse «oes 50 14 00 i 
WTTISCCH, TUCAL, te creise e Sasinieisvaine'e 26 00 1.3 
VU UTES OT OUICS ote caporate orecesotave Sapetetala:euctetelorareiel cheterezeteia ater eteraschateratier erste ei ota tere clay fea takatote 22 00 ea | 
1 elo h=ga}ll eis Oe Pe eB BER On ORO nOCeOORmccc am CHENate ns cOMracOBSE oun Rac | 200 | a 
DAVIE SHCA C9 Wig Uh ie wc tevecoe a es ctedi ta cnrs rerocel exes asta jerP\aic ioimrctavege seaverete rt et rer aici tatns ceetet 11 00 | 0.55 
WEIN SD.“ Ceraisisein storetete ois, shavessters' s creistenssele) eferesabeyvincel eye revarevetevel elere/ol overeist sievereicrsre reser 8 00 | 4 
Whbdyel Jacks -oodoconndocotaocooccbmbocodn cocoopoGeropcoooboNooocnuoUubOnode 10 00 | a3) 
ORBIT NINE WR ei cecctctc ses tela tena)avevecetrs ays tavalo alsyersycysler ct picvehctareelovcteve eters spate are o Siw vere nie’ oyaeie 22 00 | aia k 
OAEM SELVA Wi a liaciceiclsiasisihey. SRS eas hayate ete eee mie eterat pre avaes atelaysreteiereveB ale acateleveleees 5 00 0.25 
TAO URUOCS HS Metalotete, crore) evesclein seh tcher sistekoteystevevetstey oialacctere tric lomein tote etopeve ere) areveleeisiers cosietoieterets 5 00 0.25 
RUNES AS ae vcke orale: syotverchelele clcicie ye ereseeiavetere alte Wscterscs recotaiieye ie leisseforeceYetevete rer sYereralert afarere 3 00 0.15 
SUsieoaa(erl iaavaltes (6 see oO ean dpoosocRoo sce OnoLdtUpoUEEedcoUUSSaphooabapAdacon 3 60 0.18 
BIST TYV OL UVa Weve cteintelectint-tevorelatorcieminiciciciie celove ciserctecistevs cteteisiniecaieloieveteistoteeie(s isieie 11 00 0.55 
\WancEhe. lobe sod 5dpoocd du oonducosboebpdoocusooondoGon oncoobnooodonobenoce 18 00 9 
BOVINE CIATED «isc cclele o:ctore:ctateceie: cvelereiae/e:ccesey sate (ove roythe/ateyays atalereiaveleteteVele (arnianerolevaretsherete 5 00 0.25 
Viren wesitolsl thal p, aneet one Ocoeddb CUdlOL COO on CraoUGaOe> OSTiOn AnaOC uO OeCn 19 00 0.95 
VGA CHM SS IIOT ES ube stercicinrs cleverciers siojeleloleiotorsiorsicieie sicisiatsiclelsvevelsialsiereieietelevel syolereieteielatalets 19 00 0.95 
VMTN Salle age OG bc DRODOOTe DD HUT O OD HOC OOTOOCHNON SRR AD On UOHOONSOBRODTOURLIAS 5 00 0.25 


FEEDING STANDARDS. 


Frem Bulletin No. 22, Department of Agriculture, Washington, 
DSC: 


Attempts have been made to ascertain the food requirements of 
‘arious kinds of farm animals under different conditions. Large 
numbers of feedings experiments have been made under varying 
conditions with this end in view. From the results, feeding stand- 
ards have been worked out which show the amounts of digestible 
protein, fat, and carbohydrates supposed to be best adapted to differ- 
ent animals when kept for different purposes. The feeding stand- 
ards of Wolff, a German, have been most widely used. They ave as 
follows: 
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Wolff’s Feeding Standards. 


A.—Per Day and Per 1,000 Pounds Live Weight. 
| ] [ 
Digestible Food Materials. x 
—_ eines 
| = 
| & 
“a | 
. 2 Y 
@ £ 5 
te} S 88 
S ¢ 2 S 
ro) = = 
= $ Q ‘ a 
v ° - = ~ 
3 rs a 3 ° 
Ee A, oO & & 
Pounds.| Pounds.| Pouade| Pounds. | Calories. 
Oxenwatgresering Staley: serecteyercclcreciiemnicrec salatercie)sterstaicinneveis ce 17-641 07 | 8.6 | 0.15 16,815 
WOOlsheep, ‘COaTser::DrecdSs. -morecce.ca cs ceeetine sonic cen 20.0 | 1.2 | 10.3 | 0.20 22, 235 
Wioolesheep ystiner preedSiss.. ciacioomiseices te slccencen come 22.5 | ass 11.4 0.25 25, 050 
Oxernmmoderately, WOrked sy. 0 teaeacieeieenionnen eee eceiae 24.0 | 1.6 11.3 0.30 24, 260 
OxenBheavily .WOrke diel vei ccc siajereiewe ccc seeicie disteior fale 26.0 2.4 13.2 | 0.50 31,126 
ETOTSESeIMOGerately/ swOrked i ccsecciincisicce tee tcaicenecccs|| 22.5 1.8 aha 0.60 26,712 
ETOTSESHNEA Vil Ys WOLKE oo ici sietess|s.sis'esersle'eie w eee eae uien oe 25.5 2.8 13.4 | 0.80 33, 508 
IMETT CHB COWS pete sc cure nanan icc niece Ncioeietlceteloncten cl eisigieieine ale 24.0 2:5 12.5 0.40 29,590 
Fattening steers: 
TUES CMB Gl OGL Maes ep eloeiareia en aie Saisie nactieiine nolo ee ocierc%e 27.0 225 15.0 0.50 34, 660 
DECOHCMDETI OG sete artes sriclo cies tes eb as elaeias 26.0 3.0 14.8 | 0.70 | 36, 062 
EDA indepen Odseer meee saitan acheter se oe oinet en coe 25.0 Def 14.8 | 0.60 35, 082 
Fattening sheep: | | | | 
Cres ee OT OC yee spars ereterayovelstsre ce icse store atotaieelolnte townie ala aistare cnioe | 26.0 3.0 | 15.2 0.50 35, 962 
Secondipperiod smemtcse tee eres meena ssh te 25.0 | 3.5 14.4 0.60 35, 826 
Fattening swine: | 
LTS CUED) C1 OG emer ctets stehsisraictstetctacicloten ei clolersne ee sotc ce ee sient | 36.0 5.0 27.5 60, 450 
Spcondmpericd a bec te ece ee ee eee une. 31.0 4.0 | 24.0 52,080 
Di ras PeriOd paeereceas storie cela onclels sce eicnetsioniaiete oistoeie ears. « 23.5 2.7 


| 17.5 37,870 


| 
= | Af Digestible Food Materials. 
to Ss | 
| 2 EY 1 
hes S S| 
= = 3 © 
ee Sr s 2 
oo a ° > ow 
woo ° S co . 
= os A A ° a 
2s s 3 = + z 
ion fe) q os | a 5 
< | ia A, 'S) & i, 
| { 
Pounds.| Pounds.) Pounds., Pounds.) Pounds.| Calories. 
Growing cattle: | 
Age— | 
DaCORSeIMONCHS = see cise ersis eis lois isielole oleiectelere 150 | Seo 0.6 | Zeal 0.30 | 8,116 
SMLONGAIMON ENS emigre sancti 300 | 7.0 1.0 | 4.1] 0.30} 10,750 
Meat Oh IVONt Ss eircercls ster caisiaascletets misintonere | 500 | 12.0 ico 6.8 | 0.30 | 16, 332 
AZ NLOMIS IN ONCTDS  erietccre eicictstersyaisio\eiela tera 700 | 16.8 1.4 9.1} 0.28 20,712 
ISREGREIMONtNS ane etter eee ce emeice $50 20.4 | 1.4 10.3) 0.26 | 22, 859 
Growing sheep: | | | 
Age— | | H | 
BMCONG PINON CHGS 212. os cretesclstessaieleis\cfe's obeys .s/0 56 | 1.6 | 6.18 0.87 0.045 2,149 
GEtOuSeMOnthss 2 eeeee conse os 67 ere} 0.17 0.85! 6.040 2, 066 
8 to 11 months, Edi 75 | eta 0.16 | 0.385 | 0.037 j 2,038 
11 to 15 months, ] 82 | 1.8 0.14 6.38 4.032 | 2, Oa 
TW OLORCOSINIOIERE: eisic crc jsicls sects cic csai~ staves 85 | 1.8 6.12 6.88 | 6.026 | 1,966 
Growing fat swine: } | | 
Age— | | 
DL COpSaINON LOS tanta see crcincsnccucsn ens 50 2.1} 0.38 | 1.56 3,486 
SotO iS MMONENS; 42.2 ves sieccioeseeiac oa 'se 100 3.4 0.50 | 2.50 5,588 
SritonG MOonthss fp ssecter eee: eee 125 3.9 | 0.54 | 2.96 6,516 
Gators months ia- nc oc etceicise asi cote nce | 170 4.6 0.58 | 3.47 7,533 
GeLOWIA, MOMCHSS) aoe ce ewer eee eee 250 5.2 | 0.62 | 4.05 8, 686 
} 
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FERTILIZING CONSTITUENTS OF AMERICAN FEEDING 
STUFFS AND MANURIAL VALUE PER TON. 


Taken from Bulletin No. 16, Prepared by Enos H. Hess, of the State 
Experiment Station, Pennsylvania. 


In commercial fertilizers there are only three ingredients which 
a7e assumed to have any practical value, namely: Nitrogen, phos- 
phoric acid and potash. The foods used in feeding dairy cattle con- 
tain more or less of these three ingredients, and, therefore, have a 
fertilizing value equal to the amount of nitrogen, phosphoric acid 
and potash they contain. The nitrogen is valued at twelve cents 
per pound, the phosphoric acid at four cents and potash at five cents 
per pound. No allowance is made for the value of the humus, 
which has some value, but as to how much it has, will have to be 
left to the judgment of the reader, for as yet it has not been scien- 
tifically determined. 


Pounds in 100 Manurial Value in Dollars 
Pounds. per Ton. 
| 3 3 
i) S) 
| s a 
| 2 2 
d iB Fs S 
o aq : oO ro] . 
S a | 4% 3 a | a = 
E 2 & & 2 = & 
= fo) — io} 
vA = Ay a Ay Ay BH 
SOILING FODDER. 
Lbs Lbs. Lbs. 
Corn—dent, cut before glazing, .............. |} 0.41 0.14 0.33 | $0.984.| $0.120 $0.33 $1.43 
CORNICE gia cleteieloleletatelcleleinlalalwicinic ste(e's aln\eleioleieielsisiaisiarmtare 0.27 0.10 0.31 - 648 - 080 ol 1.01 
Crimson clover (just heading),* .............. 0.40 0.12 0.34 - 960 0.96 «34 1.40 
Crimson clover (full bloom),* ...........s..- 0.51 0.12 | 0.35 1.224 .096 .30 1.67 
Orchard Verassi Gn DLOOMT) a erie cles) <isaieleje'e/cleleine | 0.43 0.16 0.76 | 1.032 -128 -76 | 1.92 
IPASLUTE Mm BLASS seems cleat citeciocieemaceeneniiciceee | 0.75 0.19 0.60 | 1.800 152 -60 | 2.55 
ER GCUCLOVELs te eiolelelsioleinielateieicieicleleisreistereleis)cletare(eteleleisterstele 0.53 0.13 0.46 1.272 104 -46 1.84 
IRGK | GosopagQbos oc cOsbpToaspnuEUo ooo odtudenndocBed 0.33 0.15} 0.73 - 792 120 -73 1.64 
Shaiph; LSGEhns | aaéscocopdacsoossoaDDeboccpaaadedaone 0.29 0.15 0.53 696 -120 | 53 1.35 
SILAGE. 
Corn silage—average of all analyses, ........ 0.28 -011 | 0.37 | .672 Oss -37 1.13 
RReGMCIOVER ae cee ro cneececetcicniiisiesece re sen eicinee 0.53 0.18 | 0.46] 1.272 104 | -46 1.84 
HAY, STRAW, ETC. 
VALLE Lely pl RY ame rsleletalsiateralceieiaterereicia\erciela(svereletelereieteisysiayals 2.19 0.51 | 1.68] 5.256 458 1.68 7.34 
orn fodder—fiel@ Cured, “fescicc cwcccesccensacas 1.76 0.54 0.89 4.225 -432 89 5.55 
Gorn ‘stover—fleld 4CUreds  .cciciec ccc ccjeccracicieeiss 1.04 0.29 1.40 | 2.496 -232 1.40 4.13 
Glover) Way—red), Wc cencscwicssisw'sse\woie vleisie nies oie'eleleloreh 2.07 0.38 2.20 | 4.968 304 2.20 7.47 
MUN SArian sETASS NAY) | nccsisceene ce onie cieieciesiers 1.20 0.35 | 1.30 2.880 .280 1.30 4.46 
Mixed meadow grass hay,* .......s...-s-ceee 1.02 0.26 1.48 2.448 .208 1.48 4.14 
bb. del he RASA em Sonoece 36 stale 1.67 0.46 1.55 4.009 .368 1.55 6.93 
Ovns Gldthw | BAcanacsdce mee 0.62 1.24 1.24 | 1.488 -160 1.24 2.89 
Orchard grass hay, 1.31 0.01 1.88 3.144 328 1.88 5.85 
Red top hay, .....-.. me sie ae 0.36 1.02 | 2.760 -288 7.02 4.07 
RVC MU SLE A eli cittarolalateicreierele siale’aicie ote /eialeletole elsleletermteters(erers 0.46 0.28 0.79 | 1.104 224 79 2.12 
dmketn don? HERS SaoscobcdeseecoeoLoodcoe dedconcdens 1.26 0.53 0.90 | 3.024 -424 90 4.35 
Meat” SETA — <ocnss cre. oisisio.01se mare rie are cele ale siereieletwiere te 0.59 0.70 0.42 | 1.896 -560 42 2.88 
Wriheat ichatts «cucusictcecieewerecentectniosen eae se niecier 0.79 0.70 0.42 | 1.896 -560 42 2.88 


*Taken from New Jersey report for 1894. 
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Fertilizing Constituents of American Feeding Stuffs and Manurial 


Value Per Ton—Continued. 


Pounds. per Ton. 
3 co] 
3) x3) 
or) Co) 
: & Ao) 
Ai 5 a 8 
. oO . 
wa. @ |e loa | od 
2 B 3 £ 2 a Zz 
ES ° Bed Be) ° pe) 2 
= a IS) = & ° ° 
Z ae Ay Z Ay Ay BH 
Lbs Lbs. Lbs 
ROOTS AND TUBERS. 
CUT OES ore Sige win a. vit ciao cielesalelolnye cs elajsie’aldiavele oleteiselein dere 0.15 0.09 0.51 .072 94 
Mame Cl WiTZels® Pacccenias ccnoclc feces case teen 0.19 0.09 0.38 072 91 
IEOUCHIOYS 5 Soocodsbd dOOC DES SOD DSODO nS aa sep Ureedonee 0.21 0.07 0.29 056 85 
RG Us Bel ocd VO Se eeterar st sclstcte olaielnreteleicivisicfesicic se canoe tence 0.19 | 0.12 0.49 096 1.04 
SUP ATMDCCES sire ersreicleetiatelejereievslereicleleicioi= sieioiiicvelsieleieieicle I 0822 0.10 | 0.48.) 080 -90 
IEUESTILNSS, ‘acrid DOB MEH EOR MBER R Rae NEneS CRE aaa | 0.18| 0.10] 0.39 -080 -90 
ISIS eqadds Sau SD ONDARROR done cen Coe neat | 1.51] 0.79 | 0.48 | .632 4.74 
Buckwheat, 1.44 0.44 | 0.21 | 852 4.02 
Corn—dent, * 1.65 0.70 0.40 560 4.92 
Corn—flint, * 1.68 0.70 0.40 560 4.99 
GOVM—S WEES vasiceloeciacslctieinvs stersteraie eisjerateerearecreisrerate 1.82 0.72 0.41 576 5.3 
(CRN. « rE anacHcHbo SaoneeS One OOD OOSRECOPS OUCH CME oe 2.06 0.82 0.62 656 6.22 
PS Soa rcfcsatictetols)nlejeteicisrarclele slevelosn\ec/e ora arniarsve ounreloceeisiewiateion 3.08 0.82 0.99 656 9.04 
EU, OMmelote oleic rersisisietrivieyels fie miaisicie(eloiere ele, ot a/ceisierelsiorsts ava bate 1.76 0.82 0.54 656 5.42 
SOPRPNUMMSCCH a rccise scintecinciicisel cists temic iseockecins 1.48 0.81 0.42 648 4.62 
We AT —SpriN Ss) a csinciecierciesslose eis clots sieiecd ttavetareie siniecele on 2.36 0.70 0.39 500 6.62 
WV CAE ——WWARTORS incre cies clots stare wrorcisfarctovaww comiaieteieiajovere mes 0.89 0.61 712 6.99 
MILL PRODUCTS. 
lethalene tealechls aaqonosond GoDOOUOnEOOEOOOOOE 1555: 0.66 0.34 3, 720 528 : 4.59 
Buckwheat middlings, 4.62 EVE: 156) eL19 1.384 1.560 14.032 
Corn meal, 1.58 0.63 0.40 St 504 7 4.70 
Carn-and-cobe meade ya. ersic nasi wiser siaciteoe eee eiee 1.41 0.57 0.47 3.3 456 A 4.31 
ETN CA Git cle ros5)c\c ste -\sTate choise’ aVareiast o'cia\oheccls otetaistateivecarelevele 3.08 0.82 0.99 7.392 | -656 ee 9.04 
IFAM Lepehey, qoemGsconsoDOsseb dea enGN OAS AaPAEEnGEL 2.32 | 2.28 1.40 | 5.568 | 1.824 1.40 8.79 
VV Caitae Dram tak ercmiciste crate iciieisinis eitielecesinnie Raises 2.67 2.89 1.61 6. 2312 1.61 10.33 
MVANGHe BestKolollbber-ech SornnadcooboccoGncooUnTOOnOGCoG 2.63 0.95 0.63 6.312 . 760 65 7.70 
WA CAE SOLES Tis «cle c-cieleiarercisiclelaieretanele-cie sisisle rere ciate 2.42 1.38 0.65 5.808 1.404 5 7.56 
BY-PRODUCTS AND WASTE MATERIAL. 
PAT DIE MDOMNACC  Fapsisieie sioicisielsistoreie ove sle,ai5'sleiereierayelels wre 0.23 0.02 0.13 0. 0.016 | ; 0.70 
Brewers’ grains—dried, 3.05 1.26 1255 fhe 1.008 1.55 9.88 
Brewers’ grains—wet, 0.89 0.31 0.05 | 2. 248 OE 2.43 
Cerealine feed,* 1.69 1-225 0.67 4. 1.000 4 5.73 
WOMB OI ere EET sire cistetcisisisls:slersiaisteiere ercisia.seieteniats « 3.96 1.45 0.17 9. 1.160 : 10.83 
ST TUCOD Spa teraraaraveieis(alelo, o:sYelejebiviciaiclarsteiciaiete ajateiat a:tere 0.50 0.06 0.60 ay 048 4 1.85 
(Cloravoraseyol, GORY ao Gonmpoospenoonotnacdeoneatoudl 0.75 0.18 1.08 a 144 a Ie 3.02 
GOLEGUSCE NMP IN SA a eo aiciisis.6 «0,010 a winsciclests,sconerseineeme 6.64 2.68 1.79} 25:8 2.144 ats 19.87 
(Si itiern areGEIE Da akpoontGeooHndonUSbnoCe ne ventleen 5.03 9:33 0.05 | 12. 264 F 12.39 
Bat aAlo Slates LOC Rs eveiciciacjsteicetieisisieveielslers eierels 3.44 | 0.38 0.07 8. 304 z 8.63 
IGHiCAEOMeS Ute my meal ye srctarasercserciereteieerraleclerskere siel 5.52 0.29 | 0.05 | 13 232 3 13.53 
Granol sluten! feed; "ec. ace cceceorsesccececcucss ol 4.96 0.66 0.20 | 11 528 5 12.63 
Eigen), daCelte: Sana osbonpadasossapoenaucondeneeres 3:48} 6:16 | 2.911! 18 4.928 | 2. 16.19 
Linseed meal—new Process, ......eeeeeeseeees 5:78) 91.83] 1.39 | 13 1.464 als 16.73 
inseed, meal—old’ (Process) Cais. aciiacisra vise sec 6 5.43 | 1.66 137s 1.328 aly AbSTS: 
VTA PSD GOULS sur cele nie sicicierele cistelele siciotatele viele srereirioiieveloiers 3.55 | 1.48 | 1.63) 8 1.144 ale 11.29 
DAIRY PRODUCTS. 
ES EEUES oe tees ee ni cleteralejeis/scavoveiais = 'elsleis civve/ela eiaisiarsisarcitetele ate 0.12 0.04 0.04 4 032 .36 
SS UTE Cer eer rm NY aetars stcicls cicreye ccclere eieverelele steieiel ereinies/ereloreicle 0.48 0.17 0.16 asa bi 136, 1.45 
GEES Ce Ooi cletssacarecorsic oie ie carevare ts Skejateisi sje, oyslels svevsiaiajarsiave sia 3.93 0.60 0.12 9.45 480 10.03 
(ONE ba Eoaco eno obon HOO DO TOO CO GODSRRaTOrnCECeCoDoOrS 0.40 0.15 0.13 a .120 228 
INAV oor oin tevin oie clewsinie clolcie pie sivis’s ale cisisis rele sjols eieisie 0.53 0.19 OFS. | ial 152 1.00 
Giihe mills os5accoqanopoongsracooDbuGoTCoEdeECo de 0.56 0.20 9.19 ale 160 1.69 
BVVIERGV., Mites ress ay crets tere siele-croiste ce atele tales aleieisistaYaisiojs ieleresisiatelersisiers 0.15 0.14 0.18 Ae .112 65 


Pounds in 100 


*Taken from New Jersey report for 1894. 


Manurial Value in Dollars 
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The above table shows a very wide range in the fertilizing value 
of the different dairy foods and products. The highest value per 
ton is $19.87 for cottonseed meal and the lowest is 36 cents for 
butter. The importance of the fertilizing value of foods is, there- 
fore, clearly seen and must be carefully studied, if the maximum re- 
sults are to be obtained. 
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PIFTY DAIRY RULES. 


From the Report of the Bureau of Animal Industry of the United 
Siates in L898. 


my 


he Owner and His Helpers. 

Read current dairy literature and keep posted on new ideas. 
Observe and euforce the utmost cleanliness about the cattle, 
their attendants, the stable, the dairy, and all utensils. 


4 
t. 
) 


3. A person suffering from any disease, or who has been exposed 
te a contagious disease, must remain away from the cows and the 
nulk. 


The Stable. 


4. Keep dairy cattle in a room or building by themselves. It is 
preferable to have no cellar below and no storage loft above. 

d. Stables should be well ventilated, lighted and drained; should 
have tight floors and walls and be plainly constructed. 

6. Never use musty or dirty lilter. 

¢. Allow no strongly smelling material in the stable for any 
leneth of time. Store the manure under cover outside the cow 
stable and remove it to a distance as often as practicable. 

8. Whitewash the stable once or twice a year. Use land plaster 
in the manure gutters daily. 

¥y. Use no dry, dusty feed just previous to milking; if fodder is 
dusty, sprinkle it before it is fed. 

10. Clean and thoroughly air the stable before milking. In hot 
weather sprinkle the floor. 

11. Keep the stable and dairy room in good condition, and then 
insist that the dairy, factory, or place where the milk goes be kept 
eqnally well. 


The Cows. 


12. Have the herd examined at least twice a year by a skilled 
veterinarian. 

13. Promptly remove from the herd any animal suspected of being 
in bad health and reject her milk. Never add an animal to the herd 
unfil certain it is free from disease, especially tuberculosis. 

14. Do not move cows faster than a comfortable walk while on 
the way to place of milking or feeding. 

15. Never allow the cows to be excited by hard driving, abuse, 
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loud talking or unnecessary disturbance; do not expose them to cold 
or storm. 

16. Do not change the feed suddenly. 

17. Feed liberally, and use only fresh, palatable feed stuffs; in 
0 case should decomposed or moldy material be used. 

18. Provide water in abundance, easy of access, and always pure; 
fresh, but not too cold. 

19. Salt should always be accessible. 

26. Do not allow any strong-flavored food, like garlic, cabbage, 
und turnips, to be eaten, except immediately after milking. 

21. Clean the entire body of the cow daily. If hair in the region 
of the udder is not easily kept clean it should be clipped. 

22. Do not use the milk within twenty days before calving nor 
within three to five days afterwards. 


Milking. 


23. The milker should be clean in all respects; he should not use 
tobacco; he should wash and dry his hands just before milking. 

24. The miiker should wear a clean outer garment; used only 
when milking, and kept in a clean place at other times. 

25. Brush the udder and surrounding parts just before milking, 
and wipe them with a clean, damp cloth or sponge. 

26. Milk quietly, quickly, cleanly and thoroughly. Cows do not 
like unnecessary noise or delay. Commence milking at exactly the 
same hour every morning and evening, and milk the cows in the 
same order. 

27. Throw away (but not on the floor, better in the gutter) the 
firse few streams from each teat; this milk is very watery and of 
little value, but it may injure the rest. 

2s. If in any milking a part of the milk is bloody or stringy or 
unnatural in appearance, the whole mess should be rejected. 

29. Milk with dry hands; never allow the hands to come in con- 
tact with the milk. ; 

30. Do not allow dogs, cats or loafers to be around at milking 
time. 

31. If any accident occurs by which a pail full or partly full of 
nilk becomes dirty, do not try to remedy this by straining, but re- 
jeet all this milk and rinse the pail. 

32. Weigh and record the milk given by each cow, and take a 
sample morning and night, at least once a week, for testing by the 
fat test. 

Care of Milk. 


33. Remove the milk of every cow at once from the stable to a 
clean, dry room, where the air is pure and sweet. Do not allow cans 
to remain in stables while they are being filled. 
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34. Strain the milk through a metal gauze and a flannel cloth or 
jiaver of cotton as soon as it is drawn. 

35. Aerate and cool the milk as soon as strained. if an apparatus 
for airing and cooling at the same time is not at hand, the milk 
should be aired first. This must be done in pure air, and it should 
then be cooled to 45 degrees if the milk is for shipment, or to 60 
degrees if for home use or delivery to a factory. 

36. Never close a can containing warm milk which has not been 
aerated. 

of. If cover is left off can, a piece of cloth or mosquito netting 
should be used to keep out insects. 

38. If milk is stored, it should be held in tanks of fresh, cold 
water (renewed daily), in a clean, dry clad room. Unless it is de- 
sired to remove cream, it should be stirred with a tin stirrer often 
cnough to prevent forming a thick cream layer. 

39. Keep the night milk under shelter so rain can not get into 
the cans. In warm weather hold in a tank of fresh cold water. 

4. Never mix fresh warm milk with that which has been cooled. 

41. Do not allow milk to freeze. 

42. Under no circumstances should anything be added to milk 
to prevent its souring. Cleanliness and cold are the only preventa- 
tives needed. 

43. All milk should be in good condition when delivered. This 
nay make it necessary to deliver twice a day during the hottest 
weather. 

44. When cans are hauled far they should be full, and carried ina 
Spring wagon. 

45. In hot weather cover the cans, when moved in a wagon, with 
a clean, wet blanket or canvas. 


The Utensils. 


46. Milk utensils for farm use should be made of metal and have 
al) joints smoothly soldered. Never allow them to become rusty or 
rough inside. 

47. Do not haul waste products back to the farm in the same cans 
used for delivering milk. When this is unavoidable, insist that the 
ssi milk or whey tank be kept clean. 

4%. Cans used for the return of skim milk or whey should be 
cmptied and cleaned as soon as they arrive at the farm. 

49. Clean all dairy utensils by first thoroughly rinsing them in 
warm water; then clean inside and out with a brush and hot water 
in which a cleaning material is dissolved; then rinse and, lastly, ster- 
ilize by boiling water or steam. Use pure water only. 

50. After cleaning, keep utensils inverted, in pure air and sun, 
if possible, until wanted for use. 

63—6—1902 
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PERIOD OF GESTATION IN DOMESTIC ANIMALS. 


FROM ANIMAL INDUSTRY, (Shaw.) 


The average duration, approximately, of the period of gestation 
in domestic quadrupeds may be given 


The 
The mare, 
The cow, 
The sheep, 
The goat, 


ass, 


0 0! 6: (eu Jee 10,0), 


e/ke\ ie) «: 6,0; 91 of. ,0 


The 
The 
The 
The 
The 


365 days. 
330 days. 
282 days. 
149 days. 
149 days. 


as foliows: 


ee 
SOW, ociaueinsaklaasie oy 113 days. 
COG AG: share 8 Re ae 63 days. 
CONES Oe cr cpa tu uenccers. ons 50 days 
Taw bib, ease ere 30 days. 
CUINER-Vls) ose ae 21 days. 


The average duration, approximately, of the period in hatching 
the eggs of the various domestic breeds of fowls may be set down 


as follows: 


The goose, 
The turkey, 
The duck, 
The 


Orch OO Our Ona oO .0 
Se 16) lel ee) © \eue ue 


pea-hen, ... 


©) eelie, 0) 6 16 O16: 16 


30 days. The 
29 days. The 
29 days. The 
28 days. 


guinea-hen, ....... 26 days. 
WEN, gaelic sein. & eee 21 days. 
PIGeOny see) Ae oe 18 days. 


The extremes in the duration of the period of gestation in the 
mare, the cow, the ewe and the sow may be set down as follows: 


The 
The 
The 
The 


ewe, 
SOW cu.) 


The extremes in the duration of the period 


sh ieliele! isileieiel-eu‘sie 


| @ e) ©) ie 6) =| 6 


0] fe)"1e1.6) ‘e) se! ois ©) \w)0) .© lee! e016) 0, (@) © 6, (0) “6, (6) ,6) 0) 19\ el] fe © s0u'@) 10) ee 


Sj (0) een 68's) [o) (o,<07 9) (0's) eile e)le) \e,) 10) Je) 1e) loo.) ay @ Leme) (0 (eNe 


295 days to 370 days. 
265 days to 300 days. 
145 days to 154 days. 
110 days to 118 days. 


of incubation in the 


various classes of domestic fowls named below may be given as 


tollows: 


The 
The 
The 

‘he 
The 
The 


goose, 

turkey, 
duck, 
pea-hen, 
guinea-hen, 
pigeon, 


© Kel {e ie) 0 10) \e\ «0 Ke) e) 1040; eel ies fo, 0) a; (ei (ohe) wo vayss) eh iehielle) © eile le ie 


S\\e ee) fe) (ose Jellie) \esie elie (a) ©) ,e:) ele! (o; Yo. ,0) fe7nege. aie; © cerke 76/s.@)10) (0! 10) |6 


©,).6] [@) es « 8416 10.0) (e" (6: 1@| To] 50, «Terie; (ee) 1) <0) (0) 0) 0) sie)" ee) 0) 6) Je) 10 


ei ju, @ is) ouene nee, 6 el sete 


27 days to 33 days. 
26 days to 30 days. 
26 days to 32 days. 
28 days to 30 days. 
25 days to 26 days. 
16 days to 20 days. 
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THE FUNCTIONS AND USES OF FOODS.* 


BY C. F. LANGWORTHY, PH. D.. Ojfice of Experiment Stations. 


Circular No. 46, United States Department of Agriculture. 


Ordinary food materials, such as meat, fish, eggs, potatoes, wheat, 
ctc., consist of — 

Refuse.—As the bones of meat and fish, shells of shellfish, skins 
of potatoes, bran of wheat, ete. 

Edible Portion.—-As the flesh of meat and fish, the white and yolk 
of eggs, wheat flour, etc. The edible portion consists of water and 
uutritive ingredients, or nutrients. The nutritive ingredients are 
protein, fats, carbohydrates and mineral matters. 

The water, refuse and salt of salted meat and fish are called non- 
nutrients. In comparing the values of different food materials for 
nourishment they are left out of account. 


Use of Nutrients. 


Food is used in the body to build and repair tissue and to furnish 
energy. The manner in which the valuable constituents are utilized 
in the body may be expressed in tabular form as follows: 


MOU CUIT I orareaterc + iniays a:einicie(alecelai a's ereicte cia Forms tissue (muscles, tendon, 
White (albumen) of eggs, curd and probably fat). 
(casein) of milk, lean meat, 
gluten of wheat, ete. 


INGE 5 aouboounss poonnedoocobouononaae Form fatty tissue. alekar ‘ arava 
Fat of meat, butter, olive oil, All serve as fuel anc 
oils of corn and wheat, ete yield energyin formof heat 
; ¥ and scular strength. 
CarbobyGnatess, este eisis/ctetv\ajete ce cleje/afere Transformed into fat. Son arg aase ae onan 
Sugar, starch, etc. 
Mineral matters) (ash), <i..ss<ccs- 2 Aid in forming bone, assist in 
Phosphates of lime, potash, digestion, etc. 
soda, ete. 


*This article, which was criginally published under the title ‘‘Foods for Man,’’ in the U. 8. 
Dept. Agr. Yearbook, 1897, pp. 676-682, has been revised and contains some additional matter. 


The Fuel Value of Food.—Heat and muscular power are forms of 
force or energy. The energy is developed as the food is consumed 
in the body. The unit commonly used in this measurement is the 
calorie, the amount of heat which would raise the temperature of 
a pound of water 4 degrees F. 

Instead of this unit, some unit of mechanical energy might be 
used—-for instance, the foot-ton, which represents the foree re- 
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quired to raise one ton one foot. One calorie is equal very nearly 
to 1.53 foot-tons. 

The following general estimate has been made for the average 
amount of potential energy in one pound of each of the classes of 
nutrients: 


Calories. 
in vone- pound (OL MLOLein,. .-tneys selec ass, 01,800 
none pound, Oats ae ae ethernet ena 4,220 
In one pounds of carbohydrates, .............. 1,860 


In other words, when we compare the nutrients in respect to their 
fucl values, their capacities for yielding heat and mechanical power, 
a pound of protein of lean meat or albumen of egg is just about 
equivalent to a pound of sugar or starch, and a little over two 
pounds of either would be required to equal a pound of the fat of 
meat or butter or the body fat. 

Within recent years analyses of a large number of samples of 
foods have been made in this country. In the table below the ay- 
erage results of a number of these analyses are given: 
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Average Composition of American Food Products. (*) 
| a ; 
® 2 
ra AS ra :. 3 
8 8 8 : ; 5 
be = E 3 5 E 
Food Materials (as purchased). 2 Be 2 3 is 3) z 
A b = & 33 
3 e g a Bs | & oe 
n oH ov SC} 
= 2 £ : od : sa 
3 3 fo) ~ t. = °; 
a 3 a? a 0 
me EF |] a & | 8 a 
| | | 
ANIMAL FOOD. | 
Beef, fresh: | | 
Chuck, including shoulder, ................ | 17.3 54.0 0 St Pees PG) Poe ee 0.7 820 
Chuck’ ribs 1951 |pribR-81|, | RI5TS)|'POTL whereas 8 755 
5:5] 56:1 AS63106 P1I929rl yeees ce 8 1,185 
13.3 52.9 16.4 | 16:9) | eoeesse| a) 1.020 
122.7) 52.4 19.1 gH ee iGanoneea | -8| 1.110 
12.8 54.0 16.5 IGS eeaceooe onl 985 
31.8 45.3 14.2 VER lsoucaote ak 650 
20.1 45.3 14.4 SOLOW Saeco At 1,110 
eee cane oe clea tenede wine veloees |saccecae 64.8 19.4 d ITE Keon eAc ug 1.105 
8.5 62.5 1922 Gio eee cca 1.0 745 
19.5 46.9 1522 i 8 1.065 
Siimilice TGs (6aaceoocessquuncopccovedusccecune 38.3 43.2 13.2 6 465 
Shaler and) Clod se ccceccioce els cieieso sfeiclenien 17.4 57.0 16.5 9 669 
INGines PiGbwasny BcOARACOORCCOMDOCE OR OGRE DOUIGOO 20.6 49.5 14.4 a7 905 
IVE QUAT COE, Meer clereicrcrecia ei cieniaiasieictareinies ss ose ses 16.3 52.0 16.1 8 950 
Beef, corned, canned, pickled and dried: 
POfprarGil Valet) pec Oe ASee nc OSeee be COPBCH bc eeooae 8.4 49.2 14.3 2a SiWeree cece 4.6 1.271 
Tongue, pickled, ........... 6.0 68.9 11.9 34 eee aee 4.3 1, 030 
Dried, salted and smoked, 4.7 53.7 26.4 GeO Mace sac 8.9 780 
Canned ms HOw ede DECK masse as ccierelclecicie cies cle cle eisje'|icras/eteicine 51.8 25.5 22-5) eecceens 1.3 1,425 
Cased COrnen) DCCL Nees as sara nes aces oral cesee se 51.8 26.3 ISSC Pocwseoes 4.0 1, 280 
Veal: 
Tey Rett, GO COCORER BOSE CED DE CCUIORoDDoCCnGoGacac 62.5 15.7 ble) ESOS So ea 8 635 
Fy DE AHA OR On GH eGO SE ROC EL OCDE Cp OnCEencs 63.4 18.3 [yi ABeaooee 1.0 585 
WEE SIRCTIEICES ey. coroner oe ee dace ce ecicomece eect 68.3 20.1 POP eae rere 1.0 690 
Inne: OTE EGR doobcucqucogceucnoTapnde soagede 54.2 15.1 (A ee eee ad 535 
Sab! Gerais oy spcsceqdaeneNdoUOnGucoOdaAnasces 56.2 16.2 CEU leaaocne & - 680 
Mutton: 
TO rir the aeesob dae dae at tec ACE CUO ORTOEEEGRCE 39.0 13.8 6 1,815 
Leg, hind, DIzG 15.4 nS 900 
Shoulder, ..... 46.8 13.7 a7 975 
Fore quarter, 41.6 12.3 a7 1,265 
Hind quarter, without tallow, 43.3 13.0 AZ é 1, 255 
Lamb: 
WSEAS Peele see eicinc son cc memes sect teaioeeiate 45.5 15.4 AGEL beoase ss 8 1,090 
Pree ING hese see ae ccice Sais e ea coonesoeenine. 50.3 16.0 ASTS eee. < AY) 1,130 
Pork, fresh: 
HO SEXN RCO So cistes ofa sare clete wie = tetera sre wiaia talors cielaiciarsints @ 48.5 15.1 ISGP sos clcie eis ay 1,065 
15 Et ty RSS eGR COLeCONUD ARO CODEECOECE Guana acd 45.1 14.3 ee fd ORE OOe 8 1,520 
PAG ICH ODS arsenite se seerisecciaecaceer ee ee 40.8 1332, 26: 08[ osama ss 8 1, 340 
BAU Crabs cnas.c Uc cinn ce asec csce yoctisian one oe 44.9 12.0 Vat ee ee at! 1,480 
PATIO ETI OLN en cece ee ine veces eeieiweniec seceellcdseaeee 66.5 18.9 AS Outs corre ctore 1.0 $00 
Pork, salted, cured and pickled: 
ERAN SITIOK CU) doe cic ae seiciticlcn cities cele cicnai-ia\aie oS 14.5 BEI Al Goa dooce 4.2 1,670 
Shoulder, smoked 30.7 12.6 CoA A Betas ere 5.0 1,625 
Salt; pork, [...5.< "eS 1.9 LAr Ail Eee 3.9 3,670 
SLC Die SITIOM CCl sete ninrsresieicis sorate clere(anioeiovsiaieioiciciels 8.7 18.4 5 BO 4a rc oaclen 4.5 2,685 
Sausage: 
SOG RNa eee temas | Poa-iaeiesisys ois namin eceeee ero as0 55.2 18.2 3.8 1,170 
Ae neha Al BoceE COCUR On CHO BEET eRb COL GE ART Seo T cE 3.9 22.2 27.9 7.3 2,225 
PATEL OEE: Merce Socios cee icieleloneicistere cin neinialeiaia'siaereiel| cisteisioreinis 57.2 19.6 3.4 1,170 
Soups: 
Melery ae CRORIBT OF rere snce os clemroe cine celeis eielcins Poreriere sie 88.6 2.1 1.5 250 
1S {E07 SiG CSCO SDE COCO BUSS OE nC HE CORE SE DOCHREncole Peacer re 92.9 4.4 182 120 
Woeran EUR A “Sdoposcc bors poecon cbenacucsucacnss) Cosodecc 84.5 4.6 1.1 70 
Who Giiehs  AgSn RR AGES GHAR Sos phrcooncConcempe od) BoOStiade $0.0 1.8 1.5 185 
Poultry: | 
Chicken, broilers, 41.6 43.7 12.8 Ati 295 
Fowls, 25.9 47.1 1307, At T75 
Goose, 17.6 38.5 13.4 af 1,505 
Turkey, 22.1 42.4 16.1 8} 1,075 
Fish: | 
BOGE GLOSSGR alse carols coticiwisiavcinie slarsinjoctw eects 20.9 | 68.5 a oe | 2 | zg 215 
Halibut, steaks or sections, ....... BEEDODBG | aed e ly liyick) 15.3 | al a) 470 
Mackerel WHO tam acan acc nstsnclcccn cals area ents | 44.7 40.0 | 10.2 S es 365 
Perch, yellow, dressed, ..........cccecewes 35.1 50.7 12S ati 9 265 
Shad! awhole) =. ccssccseeesee Sbacbocaccecdases | 50.1 Biers | 9.4 8 aif 380 
SITET Fat Meo Beane COU DAOE CIC HOAdCE LOO ADORE AEOee orteaccc 71.2 | 20.9 -8 | 2.6 | 1.5 600 
RHsheesaltAnCOds Ve cocccon cow eset ees ea nen seco “2429 40.2 | 10.0 | on See 18.5 315 


*Condensed from detailed tables in Bulletin 
tions of this Department. 


No. 28, revised, of the Office of Experiment Sta- 


29s ANNUAL REPORT OF THE Off. Doe. 


Average Composition of American Food Products—Continued. 


STOTT eS ee eee ———— eee 
| | 
: 
| , |g 
- ‘ ' | S 
a ee ine 2 
y =} OY 3 A 
Sie ol, el eel ane tare ne 
Food Materials (as purchased). o x & & Fie rn 
Re A, fe ie PS 3a 
: v i @ =o 
4 be = Aa as py Se 
5 : 2 eee ee ee 
3 G e a) |) eoc| el eoO 
fe E & ey 5 <4 | & 
} | | { | 
ANIMAL FOOD—Continued. | 
Fish, canned: | | | 
Salmon, | 56.8 19.5 Abn aeenciace 2.0 | 680 
Sardines, | 58.6 | 23.7 12514 | ara 5.3 950 
Shellfish: | | 
Oyster, 88.3 | - 6.0 {3s ety anal 9 Ble) em eean 
FOIE Kooks) (Ne P IR an acaceet aro Ate eae a ree in cthe Cel Pca Cae le $8088 tose sesh |) faye 2.3 | 349 
Wransteee oncironee edeceeoms eens ; 36.7 7.9 | 9 | 6) + 1:5 | 195 
Lobsters, : 30.7 5.9 Ak 2 ag 140 
Biress Bens’ -CR PBA ojos use veces Poaences Briefe aiascis ccily pilew 655°) 1179 Lebial loon dior ot) 635 
Dairy products, ete.: 
MES UTES TS rare ay eecsera al diwiare) blaaoiaystetecb fo yalerhya jk ses hjcta cera sxe csrayy| eheteretals aye 11.0 1.0 SbiO tars ct serere 3.0 3,605 
Wiholes milks) ei -sycusiivere 87.0 3.3 4.0 5.0 ut 325 
Skim milk, 90.5 3.4 “3 6.1 att 170 
Buttermilk, 91.0 | 3.0 ab) 4.8 att || 165 
Condensed milk, «........5..3 26.9 8.8 8.3 54.1 1.9 1,520 
(Cieacyhiayn Rodaecobunes Asbarnineceloclopoananoooo bootdeds 74.0 Dad) 18.5 4.5 5 910 
GWheCeses  CHEAGAT ,  araveiciete cies lelarajnietate o1Fisis lave stone liane oheteieee 27.4 20.7 36.8 4.1 4.0 2,145 
@heeses Lill TEreW my a occa citecteats ennets |emarteene 34.2 25.9 beats 2.4 | 3.8 1,950 
VEGETABLE FOOD. 
Flour, meal, ete.: | 
Pintirenwineat TOUT, siefncepinecctel-.con oe nGistisiel|lctisialetsiels 11.4 13.8 1.9 tL 9 150). 15675 
(Giypeaieirr eth OTs Meare esis cystescterecskctevs\ctere slate Osiatatarssetallictotayarereiers 11.3 13.3 2.2 71.4 1.8 1,670 
Wheat flour, patent roller process: 
Bighwerade: andi WMI | reese cists ceeeierell stererstererere 12.0) 11.4 1.0 75. ab, 1,650 
Low ENO e Bea an onto abbone oconoODnAdaaa ocardaoa 12500} 04507) 1.9 | 71.2 ah) || 1, 665 
TVA C AT ONIE S eretesayofecinie.sieicieisrotbis,siareyetsisie si sYerersiozsistereveys| eistaxderstale 78.4 3.0 ne 15.8 1.3 415 
Crushed wheat, 10 | Sue aly fb 1.6 1 , 605 
Buckwheat flour, 13.6 6.4 1.2 UieS: 9 1, 620 
Corn meal, 12.5 9.2 1.9 75.4 1.0 1, 655 
Oatmeal, (ee) 16.1 7.2 67.5 1.9 1, 860 
PRI GCONE A eee osotistele cielo cis’ /ovoatarahete slats alerstayeescal aeons 12.3 8.0 83 79.0 4 1,640 
FTA DUOC ELM eels eye 7s rors hecorete savers! sysyace ehelsinislonetolanecorara sialyl ecteterersinc 11.4 4 <a 88.0 oil 1,650 
Stare Chnc vare: oyctatssavesaralo:0ysysila/acors-c-stectenereietece.s) sts eercarsreta ai | iar eseyelateren] evel tolaceiere' | laieterekeyateredteverererectets 90205). caesar 1,675 
Bread, pastry, etc.: 
Wihitebreadey Sick. asaokeleters e) e¥sistavevoverstoveravesie/erenl ieterme lense 30.01 9.2 1.3 53.1 Lot 1,215 
ROW GAG Sie sic.cteralecloseieicvoxcinie eovcestarateneretave Gaul crevetctareters 43.6 5.4 1.8 47.1 2.1 1,050 
Grea PGA foteor opers ot epeieisinssloeis: ssierere iets al eee ener Bost, 8.9 1.8 52.1 25 1,210 
Whole wheat bread, | 988.4 O27) | 9 49.7 1.3 1,140 
Rye bread, 35.7 9.0 | .6 Base 1.5 1,180 
Cake A sina one aaears 19.9 6.3 | 9.0 63.3 135 1,675 
Cream crackers, 6.8 9.7 12.1 69.7 | ay a ee ET) 
Oysters CraGKerss, scinrajsecscs ae ice soloists cisieieivet ll Sersete. ocr 4.8 11.3 | 10553) 70.5 | 2.9) 1,965 
SO dale CrACKErs Sct amaeietei osiscte siciste csstelevessts Oetarel| ates wometeye 5.9 9.8 | atl) Ye 2.1] 1,925 
Sugars, ete.: 
INTOTEIS SOS reiticrelelafetelsisiniehsteferaieiclereicisretotetatetejereraiervsierell stare y-yereieye Ns Adiga DISA ar atetevetere | 69.3 | 3.2 1 ,290 
GAIT eee Re ee A a ee a ne anane Daneel Pace ih vier OGhOmInee teas | 1,785 
HEM ONT CV taares ve tersfercletotsievetersinke totetavereeverevoCehere aoveusietcieeiciel | cfarchrretatere 18.2 | SAW || herorcrexeteteys | 81.2 2 1,520 
SUSAT A CEVAMNUMLATSGs, ayereemscyetaratetelete ss eile cree ae ate| raerinacs Romanatl banBosos DOOSON Reenter | 1,869 
WIEV OIG ER ACYO, “odoancoon doounboDceooCoUNSoaBoCS leecoo neal locnapoee iPorereteteteter lGodarods (BRE \bonesose | 1,300 
Vegetables:§ | | | | 
IB Cams etal eG ae aertcicisre isreiseetctetctoreistotesyetersicle(elescis‘ect Iefeiefetsterete 12.6 | 22.5 | 1.8 59.6 3.5 | 1,695 
Beansre imal, sSHeled) eiseierre.clers siete re vescryersie Pacoucet | 68.5 | Uci*) ati 22.0 | 1ere| 570 
BEANE TSULING wesc. coh ccdc ccew mars enenh seen ae 7.0 | 88.0 | Dole | 3 6.9 | 7 | 180 
[Beet ocee tee tee Ore none orca eet eee | 20.0] 70.0 1.3 E3| See eatin 9 170 
Gal DBE CSIs aetetictarcorsetes = <yclele tere thajure/eroieheietetsiene crayeyete 15.0 TUBTO | 1.4 Soa 4.8 a 125 
GIA Aus Wega ee BoHe Han aneore noe OS one Come eados 20.0 15.6 | 9 | at 2.6 & 70 
Corn, green (sweet), edible portion, ......|........ | wibe4 ee sales || are | at 470 
WUCUMPENS) Me tecte cis eciciec aidsee = etenieiae cleieceisee aby lal ate || 2 | 2.6 | 4 | 70 
THSttUCe, 5 Cases aicintsmenouse vemoncniss eogemiseeas |e 15-001 18085) 150 | ae SOS 8 | 7 
MINTS HY-OOIIS A cicieiaiscaelowoieis serele le snleleicinic <fopstercinvetsiae Hejetetereisicys 88.1 | 3.5 4 | 6.8 | 1.2 210 
DidhOoGy Hooodecocdancoddoooundaonsoucudooos 560d 10.0 78.9 | 1.4 Bou 8.9 5 205 
PATSTIDS Met ee ene Oe eee 20.0) 66.4 | 1.3 4 | 10.8 | alg 240 
Peas (Pisum sativum), dried, ............ WeSaB aden 9.5 | 24.6 1.0 62.0 2.9 1,655 


*Refuse, oil. 

yRefuse, shell. 

tContained on an average, cane sugar 2.8 and reducing sugar 71.1 per cent. The reducing 
sugar was composed of about equal amounts of glucose (dextrose) and fruit sugar (levulose). 

§Such vegetables as potatoes, squash, beets, ete., have a certain amount of inedible material, 
skin, seeds, etc. The amount varies with the method of preparing the vegetables, and can not 
be accurately estimated. The figures given for refuse of vegetables, fruits, etc., are assumed 
to represent approximately the amount of refuse in these foods as ordinarily prepared. 
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Average Composition of American Food Products—Continued. 
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ees re 3 me 3 
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Food Materials (as purchased). | o is | & } a ° = 
a ay be § be 50 
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n 3) oa cf i 
& 4 5 a £9 Fa os 
® See a 3 <a? n 30 
& | = oe & oO < & 
| | | 
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VEGETABLE FOOD—Continued. | | | | 
| | | 
Vegetables :*—Continued. | | 
Peas (Pisum sativum), shelled, ..........]........ 74.6 7.0 0.5 16.9 | 1.6 465 
(TO PEI Vth tat le A GSR Re Ree npn nc AnD aoe anna PPAneisess 13.0 21.4 1.4 60.8 | 3.4 1,590 
tee LOC ome eee eae ceocis aN anne « cesieicle aicio'e,5 20.0 62.6 1.8 aa 14.7 | 8 310 
ECRRER EAC Bb Sere eee oiresioters cian icrecais eisleeieio sie vie. sicis 40.0 56.6 4 4 2.2 4 65 
RICCO EN DOEAL OCS: a leiziniafntclersin eloislelaivisiel vis icicisistercivia‘e!= 20.0 55.2 1.4 6 21.9 | 9 640 
SRHPRACULY Sésreqsesesupsosebborolecoss scoponnned lacboncce 92.3 pal A) 3.2 2.1 110 
SFr eas ee eyo Soar se Seas Sew aneaed 50.0 4.2 i e2 4.5 .4 105 
ARE TELE OCS ee rs ease co eieis ociaincas nics s eists sisisieinets\[ ecciaieraie's eos :3. ae) .4 329 5 105 
UMTRaNyieh AbéessceconokoeeuescsouobomeaouacconDe 30.0 76.7 29 ole 5.7 6 125 
Vegetables, canned: | 
PeasiCeisuim Sativam). «2TCCMS seacceiceecc cle] cs sciee cs 85.3 3.6 2 9.8 1.1 255 
(Gainih favor, -. Sehochocsect ee soeos asec peCaeenG Menbars. 76.1 2.8 nh 19.0 z9 455 
BARS INE LOGS Mee rete ole eten ecto Slerevore ctele etcie cistster siapaiclailelcisjetelevers $4.0 452" | 72 4.0 .6 105 
Fruits, berries, ete., fresh: 7 
PAG ti Shy Macosuacansonccascsapaenolcopanapoce dose 25.0 63.4 so = 10.8 23 220 
BMI Anna ooubccaqocol soba de bddsoouduce sane 35.0 48.9 8 4 14.3 6 300 
Silay | ce AGS SeR CE ASea SURE once S. eanecEcEdoog 25.0 58.0 1.0 | E-2.\ 14.4 4 305 
Lemons, ..... 30.0 62.5 at, AX 5.9 4 145 
Muskmelons, 50.0 44.8 aS y| lGnaacead 4.6 2 90 
POAT aa AA aAorenEDeeeeupebosers cha cBauseesacKE 27.0 63.4 6 1 8.5 4 170 
Pea eee at esa lo ne ae See ee eae 10.0, 76.0 ‘5 | 4| 12.7 4 260 
Persimmons, edible portion, ..............|.-..... 66.1 -8 7 31.5 “9 630 
IgG rinelacy,  AscacdcocensodpdoseunocceucdeEode| bcesobdd | 85.8 TAG? oer coda 12.6 6 255 
SEraiWDEGEICS ees eo coemccitascciccice sn esicmicrelsia's 5.0 85.9 9 6 7.0 6 175 
IV ICORING] OTIS see cteystersiersis avails isiers sinle/ate tsisiatelecravereree 59.4 37.5 2 wd 2.7 “Al 60 
Fruits, dried: } 
Apples, 28.1 1.6 2 66.1 2.0 1,350 
Apricots, 81.4 Bl loaadmoon 17.3 4 340 
IBA PE AS CeppeonaueuonedS 13.8 1.9 2.5 70.6 | 1.2 1.450 
IDSp peqdoReaeonndadascecE ao Dab ancuoanesanoeced! aasecoos 18.8 4.3 | a3 74.2 2.4 1.475 
Nuts: | 
PAUTNOWO Sp se soot css oon caer sae See ate 45.0 raat 1te5, 30.2 9.5 uth 1, 6€0 
IDA Baesnclsceececopenee corecnoncooeconce 40.8 2.3 13.0 | 34.0 7.8 pea | 1,820 
livgeeall! GNU LE PH) poonpbocoa Gone SenCEceaenaatonnt 49.6 2.6 8.6 33.7 3.5 2.0 1,655 
TEV Sh aecendoGnaae ssoEoenatoCcdeacdtesocd 86.4 6 3.8 | 8.3 abs .4 430 
Ghestnuts eeLreSh wes ee ec cde rc eciret cls 16.0 37.8 5.2 | 4.5 35.4 yi 945 
Chestnuts, dried, 24.0 4.5 Bali 5.3 56.4 1.7 1,425 
GocGaMuUts.) oi. - asic cnc : 748.8 7.2 2.9 25.9 14.3 a) 1,413 
(OG iain deteserdendh cecopacdonGoor coc G0 G00 InseGeont Be) 6.3 57.4 31.5 1.3 3,125 
PRPCTLS sae oennicae celcetne eioteioeniaemietcinctaisiteisteeis ats 52.1 | 1.8 7.5: 31.3 6.2 neat 1,575 
Idi, ReURET “CodheddoodmAdnCOUcd_ SHUcsOGAnE 62.2 1.4 5.8 25.5) || 4.3 | 8 1, 2€5 
PEGS POLSNEM ye seccrccecisiecnts waliaa nile ae sae 53.2 | 1.4 | 5.2 33.3 6.2 | Bi | peERGe 
PANES Atos cater ea tans scent eee eee eate cle 24.5 | 6.9 19.5 29°15) 18.5: Ws | 935 
OMG EIUSVCOULIS). seicnicnicic'sleieicies cisleseiclelereis | 40.6 2.0 8.7 36.8 10.2 | et tS oes 
Wiatinnis: ) Calitornia; Diack, i ccnice. sc 74.1 -6 1er3 14.6 3.0) ay) 805 
Falnuts:. Calitcrnia, soft ishell;, .2:.-4--<. | 58.1 1.0 6.9 26.6 6.8 | <6 | 1,875 
EP =aess Rens ns oe Ba dlc crea etcrc the ute Ser nie dinje siniate less ALS aba 2:3 3.0 68.5 | 3.1} 1,445 
Miscelenecus: 
PeGTT(Rl Pll (ane 1 RonCERaR Bacon. Hocencnccdneeonal ecemnoe Rigel 2-9 48.7 30.3 | 3:2 2 369 
SoyYcahly Teles AA on conqseuceoacnnOonenod Jeseeeees 4.6 21.6 28.9 Steal Wee 2,520 
Cereal ccffee. inflision (1 part boiled in | 
PAT) Tetris Sa re SW Sear Go eanodn- ahpEscoound | poaceces 98.2 ot | Recheoae 1.4 | 
| 


*Such vegetables as potatces, squash, beets, ete., have a certain amount of inedible material, 
skin, seeds, ete. The amount varies with the method of preparing the vegetables, and can not 
be accurately estimated. The figures given for refuse of vegetables, fruits, ete., are assumed 
to represent approximately the amount of refuse in these focds as ordinarily prepared. 

7Fruits contain a certain proportion of inedible materials, as skin, seeds, etc., which are 
properly classed as refuse. In some fruits, as oranges and prunes, the amount rejected in 
eating is practically the same as refuse. In others, as apples and pears, more or less of the 
edible material is ordinarily rejected with the skin and seeds and other inedible portions. The 
edible material which is thus thrown away, and should properly be classed with the waste, 
is here classed with the refuse. The figures for refuse here given represent, as nearly as can 
be ascertained, the quantities ordinarily rejected. 

#Milk and shell. 

§The average of five analyses of cereal coffee grain is: Water 6.2, protein 13.3, fat 3.4, carbo- 
hydrates 72.6, and ash 4.5 per cent. Only a portion of the nutrients, however, enter into the 
infusion. The average in the table represents the available nutrients in the beverage. Infusions 
of genuine coffe and of tea like the above contain practically no nutrients, 
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Dietary Standards. 


Dietary studies have been made in considerable numbers in dif- 
ferent countries. The results of such studies and experiments to 
determine the amount of food required by men engaged in different 
occupations have resulted in the adoption of dietary standards. 
Some of these follow: 


Standards for Daily Dietaries. 


Nutrients. g 
in 
i) 
5 3 
E f : 
Charaeter of Work to be Performed. 2 3 3S ay 
S| Sou | ees 
[| Ay ao > 
3 33 4 
i S 5 5 
Ay & 16) y 
| 
European: | 
Man catemoderate swOrks mmcniciss/sciies(leleecis nies ceeciciaciacincincieiiiee | 0.26 | 0.12 1.10 8,055 
SVE ae ean A TCL im VO Te Kcpyureinie allt iote tol oleieleletete orsle levels fete ote tere lereletetaieleieie/= 382 | 22 -99 3, 370 
American: | 
Man without muscular work, ...... 3,000 
Man with light muscular work, ... 3,000 
Man with moderate muscular work, ... oe R28 ee ont 3,500 
Man with hard muscular work, ......... resceuess dasacadce| acl el bnonosencsllboadacosoa 4,500 


The table of composition of food materials shows the amount of 
water, protein, fat, carbohydrates, and ash content and the total 
fuet value per pound for each kind of food named. The protein, 
fac and carbohydrates all furnish energy. In addition to furnish- 
my energy, protein forms tissue. Since protein and energy are the 
essential features of food, dietary standards may be expressed in 
their simplest form in terms of protein and energy alone. 

Observation has shown that as a rule a woman requires less food 
than a man, and the amount required by children is still less, vary- 
ing with the age. It is customary to assign certain factors which 
shall represent the amount of nutrients required by children of dif- 
ferent ages and by women as compared with adult man. The 
virious factors which have been adopted are as follows: 


Factors used in Calculating Meals Consumed in Dietary Studies. 


One meal of woman equivalent to 0.8 meal of man at moderate 
muscular labor. 

Gne meal of boy 14 to 16 years of age, inclusive, equivalent to 
0.8 meal of man. 

One meal of girl 14 to 16 years of age, inclusive, equivalent to 0.7 
meal of man. 

One meal of child 10 to 18 years of age, inclusive, equivalent to 0.6 
meal of man. 
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One meal of child 6 to 9 years of age, inclusive, equivalent to 0.5 
meal of man. 

One meal of child 2 to 5 years of age, inclusive, equivalent to 0.4 
meal of man. 

One meal of child under 2 years of age equivalent to 0.3 meal of 
man. 

These factors are based in part upon experimental data and in 
part upon arbitrary assumptions. They are subject to revision 
when experimental evidence shall warrant more definite conclu- 
sions. 

The plan followed in making dietary studies is, briefly, as follows: 
Exact account is taken of all the food materials (1) at the beginning 
of the study, (2) purchased during the study, and (8) remaining at 
the end. The difference between the third and the sum of the first 
and second is taken as representing the amount used. From the 
figures thus obtained the amount of the different food materials and 
the amount of the different nutrients furnished by them is calcu- 
lated. Deducting from this the weights of the nutrients found in 
the kitchen and table refuse, the amounts actually consumed are 
cbtained. Account is also taken of the meals eaten by different 
members of the family or groups studied and by visitors, if there 
are any. From the total food eaten by all the persons during the 
cntire period the amount eaten per man per day may be calculated. 
In making these calculations due account is taken of the fact that, 
as stated above, women and children eat less than men performing 
the same amount of work. 


Method of Calculating Dietaries. 


The following may be taken as an illustration of the way in which 
the table of composition of food products and the dietary standards 
may be practically applied. Suppose the family consists of four 
adults, and that there are on hand, or may be readily purchased, the 
folowing food materials: Oatmeal, milk, sugar, eggs, lamb chops, 
roast beef, potatoes, sweet potatoes, rice, bread, cake, bananas, tea, 
and coffee. From ihese materials menus for three meals might be 
arranged as follows: 

Breakfast Oatnieal, milk, sugar, lamb chops, bread, butter and 
coffee. 

Dinner.—Roast beef, potatoes (Irish), sweet potatoes, rice pud- 
ding, and tea. 

Supper.—Bread, butter, cake, and bananas. 

The amounts required of the several articles of food may be 
readily approximated by any person experienced in marketing or 
preparing food for a family. Thus, it may be assumed that four 
adults would consume for breakfast 13 pounds lamb chops, one-half 
pound oatmeal, one-half pound bread, 6 ounces milk, 2 ounces sugar, 
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and 2 ounces butter. From the table of composition of food ma- 
terials the nutritive ingredients which these foods furnish may be 
easily calculated. Thus, if oatmeal contains 16.1 per cent. of pro- 
tein and furnishes 1,860 calories per pound, one-half pound would 
ecoutain 0.081 pound protein (0.5 * 0.161 = 0.081 pound) and yield 930 
calories (0.5 < 1.860 = 930), and if lamb chops contain 16 per cent. 
protein and furnish 1,130 calories per pound, 14 pounds of lamb 
chops would furnish 0.24 pounds protein (1.5 pounds X 0.16 — 0.24 
pound) and 1,695 calories (1.5 pounds X 1,130 — 1,695) calories. The 
others may be calculated in the same way. 

The assumed quantities of food materials which the four persons 
would consume in a day, and the calculated protein content and 
fue] value, would be as follows: 


Menu for Family of Four Adults for One Day. 


Weights. n 

1@ 

(i an iS 

j 3 

2 & 

= 

Food Materials. fe a 

: 3 

ss a iS r 

= 3 2 x 

5 2 2 g 

a 6 a; é 
——— eee 

Breakfast. 
avec a, sere stare yote csi siseovey aie le iarehatedirs cavteraperstegleye) ard ac meetotorsrare slo oer ccero rate bers 930 
VII ee etorerereiataratcletststsielsinrsieveveia's/efelsisic/el ekelaisieleles-veteicietteeicisieteteterstate referers ieteiele 122 
SSD SEU To rains cicis leyorsloleleteys\eistors/aieloss|ayeiate ola cole ojeiate sicin alo evetetesaverets re aveveYe im carat eietare 23 
Lamb chops (fron : 1, 695 
18 Fest (ols Anos slefele oe 3 608 
Butter, ; ave) |lavs\Steretetacveyell| 451 
Coffee, * 417 
PTC) CAA rar ove oy eyerotey rete s:0) 0101-2700) syatar#us) tat «(e/ejole ots aoia aiavarensvallesstotaustereYeren cies ois 4,555 
Dinner 

GH ERS hin (GHUCK ME yeh eae ee eee ee eee le | 12) 77 1,435 
NOLEN OSS Semtex olen ater fole) ete eraterale/aseletole areietore le els\ale/aieioiereie/apei-ectel olor te/ tote) ateletal tetetel| lpetarcrereisterere 12 | O14 233 
Se Gan OLA OOS ce alate ot tere ctctatosoa ete telere/eletmtcvareyetatsioss\eitun staves «ss iataye wih cmetayar= eicnaral | etenete Aten Cole 12 | .011 480 
: 6 456 
2 451 
4 408 
4 160 
6 122 
2 232 
410 
4,387 
912 
451 
2 - 00 225 
Oe ai eaiess lve iafeiainicse(elelete watofere eie(elars aw ocerelare. chess(eint (oles erste rele rare es elarateeVaehs sevoteteTall evorceane terclerove 8 | - 082 838 
PROS i retafcrorereraiessieters (eve retelor>.siaie;eelorere/cieielsisjeteteie wisistelw sceletsisca ever cloleceve/avainval | iotetereieinvatereedllsjeteCereratatciate .109 2, 426 
MO CATON GS LIMO Saas comet aes eislete lei ee Ee eC ene | SSE | Mayas 909 11, 268 
AV ETS ee HOLM MELSON sy snes No tyesicictepes os ielest terete maieleietereriell earch terete aval | raebtere rere 227 2,817 


*Coffee and tea in themselves have little or no nutritive value. In the menu, allowance is 
made for the milk or cream and the sugar that would ordinarly be added. 
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The American dietary standard for a man at moderate muscular 
work calls for 0.28 pound protein and 3,500 calories. It will be 
seen that the menu suggested above is insufficient; that is, more 
food must be supplied. For instance, cheese might be added for 
dinner, and pork and beans and inilk for supper. The amounts of 
protein and energy which a sufficient quantity of these articles for 
four persons would supply are shown in the following table: 


Food Added to Bring the Day’s Menu up to the Dietary Standard. 


ae = — — = ee 
Weights. vi 
o 
“4 B 
| : © 
3 
: 3) 
3 
Food Materials. £ dj 
F 3 
¢ iS) 5 = 
fs iI ° o 
{=} =) a 
f 6 a E 
(GINEGEDS, Goadpadédonossce conde noacasp oa dapdub ddubsdnabundope contoenasd| Meosom eats 4 0.069 53 
PES CALI Star etcletets clavefelels!cseseletsieteloiclelevelelstoleletereisisishste'etslefelaressvele/ore(elejeleieisstevereteieveversiall| eielolelereierefare 10 141 1,005 
MOY pairevereratere atecore erate erase re fale oicteverenascaicvein Oreretabe iota reioleverorelete:nieversvaraie cietelereioe inral | eretefereneictets 4 005 918 
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These additions would make the total protein 1,190 pounds and 
the total fuel value of 14,377 calories for four persons, or for one 
person, 0.298 pound protein and 3,599 calories. (For the sake of 
sunplifying calculations no distinction is made between the amounts 
required by men and women.) These values are approximately the 
amounts required by the dietary standard. 

Following the above method, the value of any menu chosen may 
be easily calculated. It should be borne in mind that approximate 
rather than absolute agreement with the dietary standard is sought. 
It is not the purpose to furnish a prescription for definite amounts 
of food materials, but rather to supply the means of judging 
whether the food habits of families accord in general with what re- 
search has shown to be most desirable from a physiological stand- 
point. If possible to devise menus which will furnish the requisite 
amounts of nutrients and energy at comparatively low cost. 


Digestibility. 


The value of a food is determined not alone by its composition, 
but also by its digestibility; that is, by the amount of it which the 
body can retain and utilize as it passes through the digestive tract. 
The term digestibility, as frequently employed, particularly in popu- 
lar articles, has several other significations. Thus, to many persons 
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it conveys the idea that a particular food “agrees” with the user, 
i. e., that it does not cause distress when eaten. The term is also 
very commonly understood to mean the ease or rapidity of diges- 
tion, and one food is often said to be more digestible than another 
because it is digested in less time. However, the term digestibility 
is most commonly understood in scientific treatises on the subject 
to mean thoroughness of digestion. The digestibility of any food 
may be learned most satisfactorily by experiments with man, al- 
though experiments are also made by methods of artificial diges- 
tion. In the experiments with man both food and feces are an- 
alyzed. Deducting the amounts of the several nutrients in the feces 
from the total amounts of each nutrient consumed shows how 
much of each was digested. The results are usually expressed 
in percentages and spoken of coefficients of digestibility. From a 
large number of experiments with man it has been calculated that 
on an average the different groups into which foods may for con- 
venience be divided have the following coefficients of digestibility: 


Coefficients of Digestibility of Different Groups of Foods. 
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Making use of these figures, the digestible nutrients furnished by 
any food may be readily caleulated. Thus, as shown by the table 
cn composition above, sirloin steak contains 16.5 per cent. protein. 
One and one-half pounds would, therefore, contains 0.2475 pound 
protein, or in round numbers, 0.25 pound (1.5* 16.5 = 0.2475). As 
shown by the coefficients of digestibility quoted above, 98 per cent. 
of the protein of animal food is digestible. Therefore, 1.5 pounds 
sirloin steak would furnish 9.245 pound digestible protein (0.25 X 
0.92 = 0.245). The digestibility of the several nutrients in a given 
quantity of any food may be calculated in a similar way. 
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TABLE OF WEIGHTS AND MEASURES IN PENNSYLVANIA. 


Wheat, per bushel, 60 Ibs. Act March 10, 1818. 
Barley, per bushel, 47 Ibs. Act March 10, 1818. 
Buckwheat, per bushel, 48 Ibs. Act March 10, 1818. 
Corn, per bushel, 56 Ibs. Act April 16, 1845. 

Rye, per bushel, 56 Ibs. Act April 16, 1845. 

Oats, per bushel, 32 ibs. Act March 30, 1897. 
Potatoes, per bushel, 56 Ibs. Act March 30, 1897. 
Clover seed, per bushel, 60 ibs. Act June 26, 1895. 
Onions, per bushel, 50 Ibs. Act May 8, 1895. 

Salt, coarse, per bushel, 85 Ibs. Act March 10, 1818. 
Salt, ground, per bushel, 70 fobs. Act March 10, 1818. 
Salt, fine, per bushel, 62 Ibs. Act March 10, 1818. 
Salt, per barrel, evaporated, 280 ibs. Act March 24, 1877. 
Bark, per cord, 2,000 Ibs. 

Bark, per ton, 2,000 Ths. 
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SPRAYING CALENDAR. 


A Brief Outline of the Best Methods for the Protection of Crops 
From Insects and Fungi. 


The utility of some condensed outline showing how and when to 
Spray or otherwise treat fruit trees, shade trees, garden and field 
crops, and flowers, to prevent or check injuries by insects and 
Piant diseases, is demonstrated by the number of such publications 
in other States. It is practically impossible, however, to include 
im such a paper, all of the foes of the agriculturist, and accordingly, 
oaly such are considered as have been found to be most likely to be 
present in Pennsylvania. At the same time, treatment for the in- 
juries touched on here, will, in nearly every case, also control those 
not treated of, and, accordingly, in this way the ground will be 
nearly as well covered as though all such foes were considered in 
detail. teens 

In all cases, treatment according to the directions here given 
must be applied with judgment, as no fixed rules can be given which 
will hold for every case, and an ignorant adherence to the direc- 
tions without a knowledge of the particular conditions of the case, 
1uay fail to give the desired results. To obtain success in the con- 
trol of insect and fungous foes, a knowledge of what the foe is, the 
best way to attack it, and when this attack is most effective, are 
necessary. 

Any information desired on these subjects may be obtained by 
writing to the Division of Zoology, Department of Agriculture, 
Hiarrisburg, Pa., and the sending of samples of injury done, or of 
the insects or other foes causing the trouble will greatly aid in 
giving satisfactory answers. 


Apple. 
CODLING MOTH: 


1. Paris green or Arsenate of Lead as soon as blossoms have 
fallen. 2. Repeat about ten days later. 3. Repeat in severe 
cases two weeks later. 4. Repeat about August 1 for second 
brood. See Report of Department for 1898. 


BUD-MOTH: 
1. Paris green or Arsenate of Lead as soon as leaf buds become 
green. 2. Repeat 1 just before blossoms open. 3. Repeat 2 
after blossoms fall. 
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CANKER-WORM: 

1. Paris green or Arsenate of Lead when caterpillars appear. 2. 

Same ten days later. 3. Repeat every ten days if needed. 
TENT CATERPILLAR: 

1. Destroy tents at night by torch. 2. If any escape, treatment 
for Codling moth will destroy them. See Report of Depart- 
ment for 1898. 

PLUM CURCULIO: 
1. Treatments 1 and 2 as for Bud Moth. See also under “Plum.” 
BORERS: 

1. Cut out those already in the tree, in May. 2. Wrap several 
thicknesses of paper around the trunk and fasten, about the 
first of June, and leave till September; cover upper part of 
trunk and larger limbs with whitewash and a little Paris 
green, at the same time. See Report of Department for 1898. 

OYSTER-SHELL SCALE AND SCURFY SCALE: 

1. If severe, scrape the parts affected or spray with Whale Oil 
Soap before buds swell in spring. 2. Spray about the 5th of 
June, with Kerosene Emulsion. 38. Repeat 2 about June 25th. 
See Bulletin 43 of Department. 

SAN JOSE SCALE: 
See under “Peach.” 
SCAB: 

1. Spray with Bordeaux mixture and Paris green just before the 
blossoms open. 2. Repeat 1 as soon as blossoms have fallen. 
3. Repeat 1 about ten days later, and 4, if necessary two weeks 
later. 

BITTER-ROT: 
Same treatment as for Scab. 


APPLE LEAF RUST: 

1. Destroy all Red Cedar trees in the neighborhood of the orchard 
as this fungus passes a part of its life on the Cedars, causing 

the “Cedar Apples.” 

Apricot. 
See Peach. 
Asparagus. 
ASPARAGUS BEETLES: 

1. Destroy all volunteer asparagus, leaving only the shoots de- 
signed for market. 2. Let fowls run among the plants. 3. If 
serious, dust with fresh dry-slacked lime while dew is on. 4. 
Repeat 3 every day of ten days. 
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Bean. 


ANTHRACNOSE OR POD SPOT: 

1. Spray with Bordeaux mixture when first true leave has formed. 
2. Repeat 1 often enough to keep leaves covered by the mixture 
till a week before eating pods. 3. Soaking the seed before 
planting, in ammoniated copper carbonate for an hour is a very 
etfectual treatment. 


LIMA BEAN MILDEW: 
1. Burn all parts of the plant at once after harvesting the crop. 


Beet. 
RUST: 
1. Spray with Bordeaux mixture as soon as it appears. 2. Re- 
move and burn all affected leaves. 


LEAF SPOT: 
1. Use Bordeaux mixture when four leaves have appeared. 2. 
Repeat at intervals to keep the mixture on the leaves. 3. 


Burn the leaves as soon as the crop has been gathered. 


Cabbage and Cauliflower. 
APHIS: 
lL. Use Ikerosene Emulsion when they appear. 2. Repeat when 
needed till plants begin to head. 38. After heading begins use 
hot water or tobacco water. 


CABBAGE WORM: 
1. Paris green or Arsenate of Lead when the caterpillars first 
appear. 2. Repeat about every ten days till heading begins. 
3. After heading begins, use Kerosene Emulsion or hot water 
as often as may be needed. 4. Fresh lime applied while dew 
is still on is also a good method. 


ZEBRA CATERPILLAR: 

1. Destroy the caterpillars as soon as they appear, while they are 
yet in company. 2. Use Paris green when needed, till the head 
begins to form, or the “flower” appears in the case of cauli- 
flower. 38. Hand picking or hot water when poisons cannot 
be safely used. See Report of the Department for 1898. 


ROOT MAGGOT: 

1. When the maggots are first noticed, make a small hole near 
the main root of the plant, pour in half a teaspoonful of Car- 
bon Disulphide, and close up the hole. 2. Tarred paper cut 
to let the plant grow up through the centre but fitting closely 
to the stem and onto the ground is a good preventive method. 
See Report of Department for 1898. 
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HARLEQUIN CABBAGE BUG: 

A recent addition to cabbage foes in Pennsylvania. A hard black 
bug with red or orange markings, nearly half an inch long when 
full grown. 1. Plant a trap crop of mustard early for the 
bugs to collect on and gather them from this or spray it with 
pure kerosene. 2. Gather the bugs and egg masses by hand. 
See Report of Department for 1898. 

CLUB-ROOT: 

1. Burn affected plants. 2. Strict rotation of crops. 3. Lime, 
7 bushels to the acre, has been highly recommended as a pre- 
ventive. 

Carnation. 


ANTHRACNOSE AND RUST: 
1. Bordeaux mixture on first appearance. 2. Repeat, every two 
weeks till flowers appear. 3. After flowers appear, use ammo- 
niacal copper carbonate every two weeks. 


Celery. 


CELERY CATERPILLAR: 
1. Paris green while plants are small. 2. Later, hand picking, 
if necessary. 
BLIGHT OR RUST: 


1. Ammoniacal copper carbonate. 2. Repeat once a week. 3. 
Artificial shade is advantageous. 


LEAF-BLIGHT: 
Same as for Rust. 
SOFT-ROT: 


Chiefly in plants stored or banked in wet places. 1. Keep dry, 
Or 2. Place under pure water. 


Cherry. 
APHIS: 


1. Kerosene Emulsion when they first appear. 2. Repeat everr 
three or four days, if necessary. 
SLUG: 


1. Paris green or Arsenate of Lead. 2. Repeat if needed every 
ten or twelve days. 
CURCULIO: 


See under “Plum.” 
§4—6—1902 
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BLACK KNOT: 


1. Cut off the branches six inches or more below the injured place 
and burn them. 2. Get your neighbors to do the same to their 
trees. United action is necessary if the disease is to be stamp- 
ed out. 


ROT: 

1. Bordeaux mixture before blossoms open. The addition of 
Paris green at this time is a good plan. 2. Repeat, without 
-aris green, when the fruit has set. 3. Repeat 2 twice at in- 
tervals of one to two weeks. 

LEAF BLIGHT: 

Same as for Rot. 


Chrysanthemum. 
LEAF-SPOT: 


1. Bordeaux mixture on first appearance. 2. Repeat every two 
weeks if needed. 

Corn. 
WIRE-WORMS: 

1. Rotation of crops. 2. Late fall plowing, repeated for several 
years. 3. Kainit, 1,000 pounds per acre has been highly recom- 
mended. See Report of Department for 1898. 

CUT-WORMS: 

1. Trap by scattering bunches of fresh clover, dipped in Paris 
green over the field before planting. 2. Place such bunches 
along the rows, later. Caution: Keep fowls and stock away. 

CORN WORM OR BOLL WORM: 

1. Hand picking. 2. Late fall plowing. See Report of Depart- 

ment for 1898. 
SMUT: 
1. Cut out and burn ail portions affected, as soon as discovered. 


Cucumber and Squash. 


STRIPED CUCUMBER BEETLE: 
1. Netting till plants are well established or, 2. Powdered refuse 
tobacco around the stems, occasionally renewed. See Report 

of Department for 1898. 


SQUASH BUG: 
1. Burns vines immediately after gathering the crop. 2. Hand 
picking. 
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MILDEW: 


1. Bordeaux mixture on first appearance. 2. Burn vines after 
gathering the crop. 


Currant and Gooseberry. 


CURRANT WORM: 
i. Paris green or Hellebore when the worms first appear. 2. Re 
peat, using Hellebore every ten days or two weeks if needed. 
STEM GIRDLER: 
1. Cut off stem three inches below the girdled place and burn. 


GOOSEBERRY FRUIT WORM: 


1. Let fowls run among the plants. 2. Pick off and destroy in- 
jured fruit. 38. Rake up and burn the fallen leaves and rubbish 
near by, in the fall. 

FOUR-LINED LEAF BUG: 

1. Spray, in May, with Kerosene Emulsion, one part; water five 

parts. 
LEAF-SPOT: 

1. Spray with ammoniacal copper carbonate soon after leaves 
open. 2. Repeat with Bordeaux mixture every two weeks as 
long as needed. 3. Gather and burn fallen leaves in the fall. 

MILDEW: 

4. Spray with Potassium Sulphide solution (liver of sulphur) as 
the leaves begin to open. 2. Repeat every two or three weeks 
if needed. 

Egg Plant. 
LEAF-SPOT: 

1. Bordeaux mixture as soon as plants are established in the field. 
2. Repeat every two or three weeks till fruit is half grown. 
3d. Then use ammoniated carbonate. 


Elm. 
ELM LEAF BEETLE: 
1. Spray with Paris green or Arsenate of Lead when leaves first 
open. 2. Repeat two weeks later. 3. Repeat if necessary. 


TUSSOCK MOTH: 

1. Gather and destroy the whitish egg masses in winter. 2. Re- 
peat in July or August, before the eges hatch and the caterpil- 
lars scatter. 3. If the eaterpillars are feeding, spray with 
Paris green or Arsenate of Lead as often as needed. 
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Grape. 
ROSE BUG: 

1. Collect the insects by hand. 2. Bag the forming bunches of 

grapes. See Report of Department for 1898. 
GRAPE VINE FLEE BEETLE: 

1. Spray with Paris green or Arsenate of Lead as soon as seen. 
2. Repeat every week if necessary. 

GRAPE VINE LEAF HOPPER: | 

1. Dust the vines with insect powder or tobacco dust about the 
first of July. 2. Repeat one week later if necessary. 

ANTHRACNOSE: 

1. Brush the vines over with Sulphate of Iron and Sulphuric Acid 
solution before the buds open. 2. Repeat three or four days 
later. Do not use after the vines start growing. 

DOWNY MILDEW, POWDERLY MILDEW: 

1. Bordeaux mixture when leaves are fully opened. 2. Repeat 
about ten days before the flowers open. 3. Spray with potas- 
sium sulphide solution three weeks later if necessary. 

BLACK ROT: 

1. Bordeaux mixture as the buds open. 2. Repeat every two 
weeks if needed, till fruit is half grown; then use ammoniacal 
copper carbonate, repeating every week or two if necessary. 

RIPE ROT: 
1. Same treatment as 2 under black rot. 


Hollyhock. 
RUST: 


1. Bordeaux mixture as leaves open. Repeat at intervals of 
ten days if needed. 


Maples. 
TUSSOCK MOTH: 
See under “Elm.” 


COTTONY MAPLE SCALE: 


i. Spray with Kerosene Emulsion early in June. 2. Repeat in 
two weeks if necessary. 


Nursery Stock. 
SUCKING INSECTS: 


1. Kerosene Emulsion as soon as discovered. 2. Repeat in two 
weeks if necessary. 
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CHEWING INSECTS: 
}. Paris green or Arsenate of Lead when discovered. 2. Repeat 
as may be needed. 
FUNGOUS DISEASES: 


1. Bordeaux mixture when leaves open. 2. Repeat every two 
weeks if needed. 


Oats. 
LOOSE SMUT: 


Soak the seed five to ten minutes in hot water at 183 degrees F. 
This may be done some time before planting, if desired, and 
hasten sprouting besides destroying the Smut. 

RUST: 
No good treatment known. 


Onion. 
MAGGOT: 
1. Put the onion bed some distance from the one of the preceding 
year. 2. Same treatment as for the cabbage root maggot. 
MILDEW: 
1. Burn all the tops in the fall. 2. Rotation of crops. 
SMUT: 
1. Burn all refuse in the fall. 2. Start the onions on land not 
used for onions the preceding year and transplant 
which pays for other reasons also. 


a process 


“Peach, Apricot, Nectarine. 
PEACH BORER: 

i. Wrapping trunk as described for Apple Tree Borer. 2. Mound- 
ing up earth a foot or more about June Ist, and removing about 
September Ist. 3. Wash trunk and lower parts of limbs with 
whitewash and a little glue, with a tablespoonful of Paris 


green to each bucketful. One, 2 and 3 are alternate methods 
treatment. See Report of Department for 1898. 


BLACK PEACH APHIS: 


1. Dig refuse tobacco powder or stems, or Kainit into the ground 
about the roots. 2. Spray with Kerosene Emulsion when the 
Aphis appears above the ground. 


CURCULIO: = 
See under “Plum.” 
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SAN JOSE SCALE: 

1. IXeep trunk and limbs covered with whitewash from June Ist, 
till frost appears. 2. Spray with Whale Oil Soap, 1 Ib. to 1 
gallon of water, after the leaves are off in the fall. 3. Spray 
with Whale Oil Coap, 2 Ibs. to 1 gallon of water, before the 
buds start in the spring. 4. Cut back and thoroughly prune 
infected trees after spraying and burn the prunings. 5. De- 
stroy badly infested plants. See Bulletin No. 43 of Depart- 
ment. 

PEACH LEAF CURL: 
1. Spray with Copper Sulphate before buds open in spring. 2. 
Spray with Bordeaux mixture when leaves are half grown. 
PEACH ROSETTE: 
No good remedy. 
BROWN ROT: 

1. Spray with Copper Suiphate before buds open. 2. Bordeaux 
mixture before flowers open. 3. Repeat 2 every ten to four- 
teen days after fruit has set, until the fruit is half grown. 4. 
Repeat every five to seven days, using ammoniacal copper car- 
bonate instead of Bordeaux mixture. 


YELLOWS: 
1. Destroy all affected trees by fire. 2. Dig out and burn roots 
also. 
Pear. 
BORERS: 


See under Apple. 


CODLING MOTH: 
See under Apple. 


PEAR MIDGE: 


1. Apply 1,000 Ibs. of Kainit per acre, to the ground beneath the 
trees about the middle of June. 


PEAR LEAF MITE: 
1. Spray in winter with Kerosene Emulsion, 1 part; water 6 parts. 


PEAR PSYLLA: 


1. Spray with Whale Oil Soap, 1 Ib. to 1 gallon of water, in April, 
spraying only the trunk and larger branches. 


SLUG: 
See under Cherry. 
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SAN JOSE SCALE: 
See under Peach. 
LEAF BLIGHT OR FRUIT-SPOT: 
1. Spray with ammoniacail copper carbonate as the leaves open. 
2, Bordeaux mixture just before the blossoms open. 3. Repeat 2 
after fruit has set, at intervals of two weeks as needed. 
FIRE BLIGHT: 
Cut off and burn affected parts, cutting at least a foot below 
where the disease shows. 
SCAB: 
See under Apple. 


Plum. 
CURCULIO: 
1. Spray with Paris green or Arsenate of Lead before the flower 
buds open. 2. Repeat 1 soon after the biossoms have fallen. 
3. Gather the insects by jarring onto cloths beneath the tree, 
at night and in the morning. 4. Gather and destroy fallen 
plums every day. 5. Let fowls run under the trees. 


PLUM LECANIUM: 
1. Kerosene emusion one part, water four parts, after leaves 
have fallen in the fall. 2. Repeat 1 in spring before the buds 
open. 


SLUG: 
See under Cherry. 


BORERS: 

See under Apple. 

SAN JOSE SCALE: 
See under Peach. 
LEAF BLIGHT: 

1, Bordeaux mixture when the leaves first appear. 2. Repeat 1 
after the fruit has set, every two or three weeks till fruit is 
three-quarters grown. 3. Now use ammoniacal copper car- 
bonate if needed, every two or three weeks. 

BROWN ROT: 
See under Peach. 


BLACK KNOT. 
See under Cherry. 
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Potato. 
POTATO BEETLE: 
1. Paris green or Arsenate of Lead as soon as insects are seen. 
2. Repeat whenever needed. 
POTATO STALK BORER: 
1. Gather and burn all stalks after gathering the crop. 


EARLY BLIGHT OR LEAF SPOT: 


1. Bordeaux mixture when plants are half grown. 2. Repeat 1 
every two or three weeks. 


POAT ORO: 


1. Bordeaux mixture about the middle of July. 2. Repeat 1 every 
two weeks. 


SCAB: 
Soak seed potatoes in corrosive sublimate 1 ounce, water 8 gal- 
lons, for one and one-half hours before cutting them. 


LATE BLIGHT OR MILDEW: 
1. Bordeaux mixture when the disease appears. 2. Repeat 1 
whenever needed. 


Quince. 
CURCULIO: 


1. Jarring as for Plum Curculio. 


LEAF BLIGHT: 


1. Bordeaux mixture before flower buds open. 2. Repeat 1 
when fruit has set, and every two or three weeks until fruit is 
three-quarters grown. 5. Ammoniacal copper carbonate later, 
if needed. 


FIRE BLIGHT: 
See under Pear. 


Raspberry, Blackberry, Dewberry. 
SLUG: 


1. Paris green or Arsenate of Lead when insects first appear. 
2. Repeat 1 two weeks later unless fruit is nearly ripe. 


SNOWY TREE-CRICKET: 


Cut off and burn twigs pierced, during the winter, to destroy the 
eggs in them. 
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ANTHRACNOSE: 

1. Cut out all badly diseased canes. 2. Copper Sulphate selution 
before the buds open. 3. Bordeaux mixture after growth has 
commenced. 4. Repeat 3 every two or three weeks till fruit is 
two-thirds ripe. 

ORANGE RUST: 


1. Cut out and burn all diseased plants. 2. Get your neighbors 
to do the same. 


Rose. 
APHIS AND LEAF HOPPERS: 
J. Kerosene Emulsion, strong soap suds or tobacco water as often 
as needed. 
SLUGS: 


Dust with quick lime. 


RED SPIDER: 


Syringe with clear water. If very abundant, Kerosene Emulsion. 
BLACK SPOT: 

Spray once a week with ammoniacal copper carbonate. 
MILDEW: 

1. Spray with Bordeaux mixture or ammoniacal copper carbonate 
as often as necessary. 2. In greenhouses, fumigate with sul- 
phur. 

RUST: 


1. Destroy all affected portions. 2. Gather and burn dead leaves 
in the fall. 3. Ammoniacal copper carbonate after leaves 
open. 


Strawberry. 
SLUG: 


See under Raspberry. 


WEEVIL: 


No good remedy. 


LEAF BLIGHT: 


1. Bordeaux mixture after the crop is gathered. 2. Repeat 1 
when leaves open in the spring. 8. Repeat 2 just before blos- 
soms open. 

62 
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Tomato. 
TOMATO WORM: 
1. Hand picking. 2. Paris green or Arsenate of Lead, as needed, 
till fruit begins to turn in color. 
CORN WORM: 
See under Corn. 


FLEA BEETLE: 


Paris green or Arsenate of Lead as often as needed. 
= 
LEAF BLIGHT: 


1. Bordeaux mixture as soon as disease is discovered. 2. Re- 
peat 1 every week or ten days. 
ROMs 
Same treatment as for Leaf Blight. 


Violet. 
RED SPIDER: 


See under Rose. 


BLIGHT SPOT: 


Bordeaux mixture when disease appears. Repeat every ten days 
when blossoms are not present. 3. Remove affected leaves. 


W heat. 
HESSIAN FLY: 


1. Plant a trap piece about August Ist. 2. Plow under about 
September 10th, and plant main crop after September 20th. 
See Report of Department for 1898. 

WHEAT MIDGE: 

1. Plow deep soon after harvest. 2. Carefully sweep up and burn 
chaff and “tailings” after threshing. See Report of Depart- 
ment for 1898. 

APHIS: 
No good treatment. See Report of Department for 1898. 


FORMULAS. 


PARIS GREEN. 


Parts. Per bbl. 


Paris sOTeECI ech fees aoe ian dais 4 Ib. 
Quick limes Losec: oe 6. cee Bt 1 Ib. 4 Ib. 
Writer. ons eon Aisett vabneweas COO pals sy 5Urralst 
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This is too strong for the peach, where 24 oz. each of Paris green 
and quick lime should be used instead of 4 Ib. Keep the mixture 
well stirred while using. To make it, mix the Paris green and the 
lime and add enough of the water to slake the lime, stirring while 
hot, then add the rest of the water. 

Good Paris green gives far better results than the cheaper grades. 


ARSENATE OF LEAD. 


This is a comparatively new insecticide, its value having only be- 
come known within a few years. It has several advantages over 
either Paris green or London purple, the chief ones being that it re- 
mains more easily suspended in water, thus requiring much less 
stirring up during the spraying; that it shows plainly on the leaves, 
indicating where the spray has reached, and where it has not; and 
that large proportions may be used without danger of burning the 
leaves. It is, therefore, especially useful where the leaves are par- 
ticularly sensitive. 

Parts. Per bbl. 


ATrSenate-Ol SOMA. - ss eines ofc ‘ 4 02. 2 OZ. 
AMCUC ALC Ol lead 7-1. ¥.saic eostasees en oe Le klsoz Bt 02. 
AYNAG oS SO oe eee eA SIRE ee LOO alse b0 calls: 


These two substances, when placed in the water dissolve rapidly, 
and combine, forming a fine white sediment which is the Arsenate of 
Lead. It can also be purchased ready for addition to the water, but 
it is usually better when prepared as above. It is as cheap, or in 
the end cheaper than Paris green, as it stays much longer on the 
tvees before being washed off by the rains. Some persons advise 
the addition of two quarts of molasses to each hundred gallons of 
the water, but the benefit to be derived from this is questionable. 


WHALE OIL SOAP. 


Parts. Per bbl. 


WihalesollssOapes tree <6 cose en. 2 Ibs. 80 lbs. 
NVALOT: Jas hoteles biciene celta: ; legal. 40 gals. 


This is much stronger than Kerosene Emulsion and should only 
be used during winter, when the trees are not growing. It can be 
ased for insects which cannot be killed by Kerosene Emulsion. In 
spraying for the San José Scale in the fall (see under Peach), it 
should be used at the rate of one pound to a gallon of water; in the 
spring before the buds open, or for winter work, it can be used as 
above given. 
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KEROSENE EMULSION. 


Parts. Per bbl. 


Hard soap (shaved fine), ........ 4 Ib. aD. 
AT CNS) a Ch Rl es ee ee 1 gal. 2 gals. 
Kerosene, '..... Sisls whersteetenenemees eet 2gals. 34 gals. 


Dissolve the soap in the water, which should be boiling, and while 
it is very hot pour the suds into the kerosene; then churn it with a 
spray pump till it changes to a creamy mass, and then to a soft, but- 
ter-like substance. This should keep for some time. When it is 
desired to use it, add one quart of it to nine times as much water, 
mix well, and spray the plants. The water should be soft water, or 
else have some soda added to it. 

For the Four-lined Leaf bug take one part of the Emulsion and 
five parts of water. 


TOBACCO WATER. 


Place tobacco stems or refuse tobacco in enough hot water to 
cover; let stand several hours. Take one part of this to three or 
four of water, and spray over the plants. 


CARBON DISULPHIDE. 


To be obtained of druggists at about thirty cents per pound. In 
using, avoid bringing it near fire or even hot steam pipes, as it 
catches fire easily. Avoid breathing it also. 


HELLEBORE. 


May be applied either as a powder or in water. If used as a 
powder it may advantageously be mixed with an equal amount of 
flour, which causes it to remain better on the leaves. For use with 
water one ounce of fresh Hellebore is mixed with three gallons of 


water. 


INSECT POWDER. 


Insect powder is sometimes sold under the names of Pyrethrum 
and Bubach. It may be applied as the dry powder, when the plant 
16 wet with dew. It may also be mixed with flour and used in that 
way, or it may be used in an alcoholic solution as follows: 


Insect powder (by weight), ......::....6.. 1 part. 
Micoholi(by werent), c52. 46, sciecter see ante le 4 parts. 


Put the two in a tight vessel and leave there for eight days, 
shaking it occasionally; then filter and spray over the plants. 
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Tt should be remarked that Insect Powder is only of value when 
fresh and of full strength. Unfortunately it is difficult to obtain it 
fresh, and much of it is so adulterated as to be practically worth- 
less. 


LIME. 


Lime is often of much value as an insecticide, either as white- 
wash, sometimes with enough Paris greed added, to give it a slight 
greenish tinge, or as quick lime to be dusted onto the insects. 
When used in the preparation of Paris green it is added to combine 
with the free arsenic present, which would burn the leaves, if left 
uncombined. 


NORMAL OR 1.6 PER CENT. BORDEAUX MIXTURE. 


Copper sulphate (blue vitriol), .......... 6 pounds. 
Quick lime (good stone lime), ........... 4 pounds. 
UV AR Io ree NERC 2 ct 20% 5 orc Vaz ananernt SRST a erate, ok oaaye 50 gallons. 


Dissolve the copper sulphate by putting it in a bag of coarse 
clothing and hanging this in a vessel containing 4 to 6 gallons of 
water. Use an earthen or wooden vessel. After the copper sul- 
plate is dissolved, dilute with water to 25 gallons. Slake the lime 
and add 25 gallons of water. Mix the two and keep thoroughly 
stirred while using. If the mixture is to be used on peach foliage, 
it is advisable to add two pounds more of lime to the above formula. 


BORDEAUX MIXTURE AND PARIS GREEN. 
Mix 4 ounces of Paris green as prepared above, with 50 gallons 


of normal Bordeaux mixture. 


AMMONIACAL COPPER CARBONATE. 


Coppersearbonaile. 4 s60- 2 op, Sak wars ses 4 ounces. 
PRATT ONE serge S sere te oe OE oa SH 3 pints. 
Baiactetres i We eer er ie le ta SS ons, GY Gye, OE 45 gallons. 


Make a paste of the copper carbonate with a little of the water. 
Dilute the ammonia with 7 or 8 times its bulk of water. Add the 
paste to the diluted ammonia and stir until dissolved. Add enough 
yater to make up to the 45 gallons. Let it settle and use the clear 
blue liquid only. Do not make this up long before using as it loses 
its strength on standing. It is used when the fruit is so nearly ripe 
that Bordeaux mixture would produce stains if it were used. 
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POTTASSIUM SULPHIDE SOLUTION. 


(Liver of Sulphur.) 


POTASStUMeS TUE; s...2. 5.5, otis eta re ae $10 1 ounce. 
MELTS: eth. ois sin earn. 'sactieye coe DOES Ek se re nee 1 gallon. 


Particularly good for surface mildews but loses its strength upon 
standing, so should be used at once after making. 


SULPHATE OF IRON AND SULPHURIC ACID SOLUTION. 


WCET (OG) Saabs are, os jas lee salah ous ga ear aeaohe estates 100 parts. 
Iron sulphate (green vitriol), ....as an as the water will dissolve. 
Sulphuric acid (commercial), ..... SA ET te 1 part. 


Make the mixture with much care, as heat is produced. Use on 
plants when dormant only, aj pplying with brushes or sponges, as 
the solution is injurious to spraying machinery. 


CORROSIVE SUBLIMATE 


This dissolves slowly and but slightly in water. The process may 
be hastened by heating the water. 


GENERAL REMARKS. 


In the treatinent of fruits by sprays it should be remembered that 
the substances used are in almost every case poisonous. It is ac- 
cordingly necessary to aveid spraying at times when fruit is nearly 
ripe, both on account of the possibility of placing poison on the fruit 
just before it is picked, and because of the danger of staining it, as 
would be the case if certain solutions were used. 

Spraying solutions often need to be carefully strained, and it is 
advisable to do this when putting them into the barrel or other re- 
ceptacle from which they wili pass through the spray pump. Noz- 
zles will clog from larger lumps in the fluid, and care should be 
taken to avoid this as far as possible. Every pump should have an 
agitator attached to keep the mixture well stirred in the barrel, and 
it should not be expected that the same nozzle will do first class 
work with every spraying mixture given. Some nozzles are especi- 
ally adapted to one kind of spray, and others to other sprays. 
Above all, an intelligent knowledge of what is causing the injury, 
and exactly how and when to take the proper steps to control it, 
should be one of the ingredients added to every formula here given. 
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